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I* liillODOCTION 



PREFACE 



"War gara^ s, . . . . , are exrramelv useful reels for studyinq 
warfare but are less aporopriate, perhaes ever, 
raisisading, for investigating some questions. Cur 
under etanerna of war canes and' what we can learn frein 
than lag behind their growing popularity." 
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This quota, taken fron an article written by Frederick 
D. Thenpson and printed in the October 1983 U.S. Naval 
Institute FRO C ESP ING5, exemplifies the need for ongoing 
study and validation of all war gaining systems. The same 
article pcints out that war game learning depends upon the 
game's resemblance to the real world. And even when the 
resemblance is great, success in a war game does not equate 
to success in the real world. 

Given the many artificialities inheren 
the next most obvious hurdle to ov 
reliability of the underlying assum 
tion models. War game objectives are critical to the deter- 
mination of the required level of model realism. And to 
derive reliable conclusions about tactics and strat'=gies 
demands reliable, sensitive models. Sven good war game 
models will not provide all of the answers, but if the 
underlying models are of unknown or poor quality, than the 
game play may only provide misleading results. 

Sven when war games are used for decision maker 
training, it is important that the decision maker observes 
reasonable outcomes as a result of his decisions. 
Otherwise, the war gaming system and the entire war gaming 
program loses credibility with the individuals most needed 
for its support. 
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will never be 



Ccniputerize d war gaming will never be a satisf acrcry 
replacement for underway maneuvers and exercises bun car. 
cernainly prove to be a valuable acjuncr no nhem. 
Regardless of nhe purpose of a particular war game, the 
results obtained can cnly be as good as the assumpnicns and 
models that make up rhe game. For this reason, the verifi- 
cation, validation and modification of existing war games 
musn an ongoing effort. 



B. naval WaP.F.^E2 GA3IHG SYSTEM 
1 . ]5jiGS Descriot io n 

The Naval Warfare Gaming System (NwGS) is an inter- 
active data basei computerized war gaming system, designed 
by the Ccmputer Sciences Corporarion of Mocresnown, New 
Jersey, under U.S. Navy contract. In was developed for the 
Center fcr War Gaming an the Naval War College in Newport, 
Rhode Island. Ins purpose is nc provide realis-ic interac- 
tive computerized wer gaming for the Naval War College 
s-udents. Commander in Chiefs and Fleer sraffs. 'IWGS appli- 
cations may include rehearsal of fleet operations or exer- 
cises, evaluarion of borh strategic and tacrical war plans, 
analysis of existing and proposed racrics and improved 
education and Training for U.S. Navy and Military decision 
makers. 

The cenrral computer facility for NWGS is a 
Honeywell Multics Level 68 Multiprocessing Computer System. 
The interacrive display systems consist of Sanders 
Associates, Incorporated, high resolution, color graphics 
displays. At the Center for War Gaming, there are 22 inter- 
active console stations in the Coordinator Area and one 
station in each of the 22 Command Centers for the game 
players, for a total of stations. Individual console 
s-aticns in the Coordinator area are linked to the Command 
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Centers by computer, teletype and voice communications. 
Currently, there are remote console stations located at 
CINCPACfLT Headquarters in Pearl Harbor, Hawaii, and for 
CINCLAHTFLT use in Dam Neck, Virginia. An additional remote 
unit is to be installed at the Naval Postgraduate School in 
Monterey, California in FY35. Additionally the two Fleet 
Training Groups located in Dam Nech, Virginia and San Diego, 
California are scheduled to have a stand alone NNG3 capa- 
bility by FY87. 

The Naval Warfare Gaming System software consists of 
some 990 subroutines/procedures written in the high level 
programming language. Programming Language One (PL/I) . 
Approximately 156,000 lines of executable PL/I code make up 
these procedures. There are about 53,000 lines of code in 
170 procedures that define the warfare area models alone. 

2 . NN£S 3a mes and Ob de c ti ve s 

The NwGS is designed to support two major categories 
of games; Command-level Games and Student-level games. 
Both types of games may be played at different levels of 
interaction, from unit versus unit on up to global multi- 
task force conflict. 

The Command-lev el a ames, also known as fleet games, 
are operational war games and are the type most frequently 
played. They are generally sponsored by theater commander, 
school commands. Department of Defense Agencies or academic 
departments of the Naval War College. Their objectives 
include: gaining tactical decision making experience, eval- 

uating operational concepts and plans, rehearsing at sea 
operations and supporting the Naval War College Curriculum. 
Problems of Command, Control and decision making for Naval 
forces in theater level operations are the key interests of 
thes'= games. The Command-level games are the most extensive 
in scope and duration. Lasting from one day to several 
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weeks, cnly one of these games can be played at a nine. A 
Coraaand game may be one-, two-, or auiti-sided and may focus 
on a specific warfare area or encompass multipl- warfare 
areas. Since ohese games generally entail large amcunts of 
data and ccirplex organizational structure, a ccnzrcl croup 
of umpires and console operators is required to monitor nhs 
players progress and assisr them in game play. 

The Stud an t- l evel Games are of two types: full- 

scale games played at the !^aval Task Force level and 
one-on-one engagsnents played at the individual unir level. 
The Snudenn games are less extensive rn scope rhan rhe 
Command games and are played in support of the Naval War 
College curriculum. Their primary goal is to enhance the 
professionalism of future cpara-icnal commanders. The 
Studen* fjJllz§2§li ca roe s provide players the oppcrnunity nc 
acn as a task group or task force commander and sraff. A 
single moderator provides -he control croup function and 
ensures that the teaching objectives are achieved. Ten 
Student full-scale games may be plays i at one time with each 
lasting from U to 8 hours of game play. The Student 
gam es may be played using players versus players 
or players versus the computer. These one-on-one games 
allow the players to act as commanding officers cf forces or 
units making decisions in the Naval tactical environment. 
One-on-one games last approximately one to four hours of 
real time. Ten player versus player or twenty computer 
opposed games may be played simultaneously. 



NW03 Desian Features 



The Naval Warfare Gaming System takes advantage of 
three general m.odeling and war game concepts in order to 
provide the flexibility required by a war gaming system that 
will yield realistic representations cf both unit versus 
unit and global level conflict. These features are: use of 
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familiss cf jncdsls, usa of data based modeling and dcctrir.al 
control cf forces, 

A family of models is a set of models in which each 
model is a representation cf an identical phenomenon, hue 
uses a different level of detail or complexity in its simu- 
lation cf the phencmenon. Only one model level from a 
particular family can be used in a given situation, (Jss cf 
this ccncepo supports the recuirement for different levels 
cf deteil and realism, NWGS provides for three levels of 
modeling detail throughout its software structure. Some of 
the modeled a.reas currently have only two levels available. 
The level cf detail for game play is determined by the type 
of game and by the came sponsor's goals and objectives for 
the game. Level one is the least detailed and levels two 
and three are each more cemplex or detailed in structure. 
The game preparator selects the level of modeling detail to 
be used in game play during the gams preparation phase. 

Data based modeling is the use of table lock-up in 



operational model to access 



a 



a ppr oprrat e 



oara m<^ te: 



values for the specific simulation situation. The war game 
data tarlss are generally compiled from a master data base 
which contains all cf the possible game entities and the 
descriptive parameter values necessary to fully define each 
particular entity or factor in the model. Use cf this 
modeling concept and the model's resultant inherent gener- 
ality provide NWGS with tremendous flexibility, longevity of 
software and reduced computation times. All models are 
highly dependent on their data base parameter values. The 
flexibility provided by this method allows for unlimited 
scenario possibilities, as well as the capability to use 
experimental or futuristic weapon systems and platforms in 
war game evaluations. The NWGS uses the Master Entity Data 
Ease (MED3) to maintain the incredible number of parameters 
for every platform, weapon system ana projectile that car 
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used by the gaming system, 
fuel usage rates for each- 
shot probabilities of 
weapen-rar get- launcher com 
weapon system degradation i 
In NW3S, the doctri 
of individual action orders 
issued by the player, whic 
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feature alleviates some of 
controlling directly all 
command. By selecting the 
create pre-planned mission 
enter numerous tactical co 
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For example, the MEDB includes: 
ship and aircraft type, single 
kill for every possible 
bination and even fa oxers of 
n a Jamming environmeno , 
nal control of forces is a series 



or instructions to game entities 
h are linked together to evoke a 
particular unix or units. This 
xhe work load of monitoring and 
elements under the player's 
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The NWGS operaticnal daxa sxrucxure refers to the 
general underlying filing system which allows NWGS to 
perform the many required phases of war gaming. These 
phas<=s ranee from pre-game DreDaration to post-game anal- 
ysis. The NWGS operational data sxrucxure consists of one 
permanent and four temporary files. These fries are: 

• The Il^sxer Data Base File containing ail NWGS software, 

the Master Entity Data Base and the world map data. 

• The Gswe Desian Fill containing the game specific 
Fregame scenario, objectives and initial conditions 
supplied by the game spcnscr. 
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• The Ga me Zisx File coDtaining the game specific 
scft'«are, game specific entities, envircnmen- , game 
plans, geographic start points and initial cor.cicicns. 
Ir is created during game preparation from infcrmacion 
in the previous two files. 

• The Game Data File containing game specific information 
detailing the current game status for all game entiries 
and evenrs, such as platform positions, detections and 
level of battle damage. 

• The Game His^r^ Fils containing all reported dara ana 
svanr information needed to replay the game for post 
game analysis. 

5 . N W G S 12 d ei ing St rue t ur e 

NWGS models are grouped into modules of closely 
related areas of Naval operations and warfare sim'ulaticn. 
Within each module, the families of models for specific 
svenxs provide two or three levels of realism or detail. 
There are eight general categories of modules tha* form zhe 
NWGS modsling structure. [Ref. 3] These categories are: 

• The General modules, which simulate the 

activities cf forces engaged in Submarine Warfare, Mine 
Warfare, Amphibious Warfare, Surface Warfare and 
Anzi-Su bear ine Warfare. 

• The Ki nem at ic s module which simulazes force and uniz 
mevement according to individual platform parameters. 

• The Intelligence a nd Co m muni c az ion s modules which deter- 
mine player access to game iniermation through simula- 
tions or Communications networhs, satellite, KF/DF, and 
intelligence information flow. 
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• The De t ect ion modules which simulate the activity of ail 
ssnscrs, both active and passive and generate detec-ions 
and lost contacts. 



• The log ist ics module which simulates the availability, 
consumption and replenishmenn of fuel, ammunition and 
supplies. 

• The Air Op e rations nodules which simulates the specifics 
of Naval Air operations on and around an Aircraft 
Carrier or land base. 

• The E ng agement modules which simulate the 

Ann i-Air-War fare inreracrions: Air- to-Sur face, 

S ur f ace-to- A ir and Air-to-Air rargeting and engagements. 

• The Satt^ Dam aae Asses sm»nn Modules which evaluate the 
results of engacensnrs with rasoect no the involved 
planforms. 



The models within these categories of NWGS modules 
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iurther classified according to th 
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access them. They are periodic if the' 



acce; 



routinely at regular time intervals or they ars if 

they are accessed only by event scheduling. The Kinematics, 
Eet action. Intelligence and Ccmmunications modules and parts 
of the Logistics module are included in the periodic 
category. All of the other modules ars accassed aperiodi- 
cally ty the event schedule method. Figure 1.1 shows the 
hierarchy cf the NWGS application software and the relation- 
ship of the various categories cf models with their associ- 
ated modules. 

C. POBFCSE AND SCOPE OF THESIS 



The purpose of this thesis is to conduct a detailed 
examination of the NWGS models used to simulate the 
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Figure 1.1 



NWGS Application Software Overview 





air-tc-air engagements area of Naval Warfare. This srudv 
will ficvide the Center for War Gaming with complete and 
clear model aescript icns, model evaluations from an analyt- 
ical and operational point of view and recomraendaricns for 
changes and improvements no the existing models. 

The primary objective is to ensure that NWGS provides a 
realistic representation of the air-to-air engagement 
aspect of Naval Warfare. The credibility of NWGS and its 
usefulness es a tool for training and evaluation is very 
important ro the Naval War College. This objective is 
accomplished by applying knowledge of combat modeling rech- 
nigues, fleet operational experience ana logical analysis tc 
a thorough examination of the actual PL/I code used by NWGS. 
The area of interest includes several procedures ohar make 
UP the Air-to-Air engagement Modules and the Aircraft Battle 
Damage Assessment procedure in Module 25. 

The secondary objective of this study is to evaluat<^ ana 
corroborate the NWGS documentation related to the air-tc-air 
engagement models and to provide useful model a=-scri?tions 
for both NWGS users and computer prcgramrers. It should be 
noted that much of the NWGS documentation in existence at 
the time this thesis was written is usually general in 
nature and when specific details are provided, they are 
often contradictory or confusing. It is the hope of this 
study tc alleviate this problem with respect to the 
air-tc-air engagement modules. 

The need for this work is evident. The Naval Warfare 
Gaming System has beer, in place at the Center for War Gaming 
since early 1S83 and has been utilized extensively at all 
levels of simulated conflict. However, there has been some 
dissatisfaction expressed concerning the quality cf modeling 
and the model dccumentatio n , particularly in the areas of 
engagements, logistics and general warfare areas. 
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Th= C=nt=r for War Gaming is staffed with Navy persona'*, 
and ccntracr civilian analyses and programmers who assisr in 
operating and maintaining NWGS. The Navy sraff a~ the 
Center for War Gaming is deeply involved in the daily opera- 
tion of the Center. Gaming services are provided conrinu- 
ally for NWC soudenrs, fleet staffs, and many others. 
Bounine tesring is performed and often uncovers discrepan- 
cies. However, the time and trained Navy personnel neces- 
sary to conduct the type cf thorough model evaluations 
needed to validate NWGS are not available. The civilian 
system designers assigned to the Cennsr for War Gaming are 
extremely proficient programmers and computer sysnen 

analyszs, tun many are limited in rheir knowledae cf Naval 
warfare and Operations. Therefore, an analysis of the 
models based on combat modeling experience as well as an 
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Warfare Gaming Sysnei as a whole. 



D. STODY PROCEDURES 



The study procedure for this thesis consists cf three 
phases. They are the models description phase, the models 
and documentation evaluation chase and the recommendations 
phase. During the description phase, a close examination 
and analysis of the routines and procedures that make up the 
Air-tc-Air engagement models of NWG5 is performed. The 
actual FL/I code as cf August 1983 is used in this examina- 
tion, to derive written and flowchart procedural descrip- 
tions. The evaluation phase includes analysis of the model 
logical flows, factor and parameter determination and the 
degree cf operationally realistic approach used in the 
models. The system documentation is also studied thoroughly 
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to evaluat-s its accuracy, ccr.sisrsncy an<3 overall useful- 
ness. The final phase of study includes the cor.sid srar ion 
of possible solutions rc discrepancies, inaccuracies and 
unrealistic mission dscompo sit icn in the models, discovered 
during the evaluation phase. These considerations are 
intended to yield reasonable recommendations for MWGS model 
and docuraencat ion improvement. 

For this study, in cases where mere than one lev=l of 
detail iicdel is available , as in zhe Aircrait versus 
Aircraft engagement rcurins, only che highest level is 
analyzed. The specific engagement procedures studied by 
this thesis are: 

• M 19_AC_ AC_TGTI NG (Aircraft vs Aircraft Targeting), 

• d 19_ AC_MSL_TGTING (Air vs I^issiie Targeting) , 

• 20_AC_AC_2_ee (Aircraft vs Aircraft Engagement) , 

• M20_ AC_ ilSL_ee (Aircraft vs Missile Engagement). 

Several external and included subroutines called by the main 
engagement routines above are also evaluated. Figure 1.2 
shows an overview of the Engagement modules and the rela- 
tionship of the main air-to-air procedures and their phases 
cf execution. MWGS documentation used in this study and 
provided by Computer Sciences Corporation and th<= Center for 
War Gaming includes: the Program Performance Sps cif icatiens 

(??S) [Ref. 1 ], the Program Description Document (FDD) 
[Ref. 2], the Student’s Training Course [Ref. 3] and 

[Ref. 4], the Command and Staff Users Manual [Ref. 5], the 
Program Design Manual [Ref. 6] and seme documentation within 
the procedure's FL/I code. 



E, THESIS COSIEST 

Chapter Two of this thesis is the description of the 
program's operation, specifically the modeling used, with 
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Figure 1.2 8WGS Engagements Family Overview. 
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litxle cri 



commsnxary 



tical commentary. This is presen-ea in ths crcsr 
ci xhs naturally occuring ssguenca of events. Firsn the 
Targeting Phase for aircraft and missile target types is 
described and then the three phases of actual engagsnanx are 
dsscribed individually. These phases are treated as sepa- 
rate entry points by the engagement routines. The phases 
are the Shoot Phase, the Engagement Result Phase which 
includes damage assessment and the Free Launchers Phase. 

Chapter Three is the evaluation of the model dccumenta- 
tion and the existing model's methodology from an analytical 
and an operational pcint of view. Specific areas of discus- 
sion are: targex assignmert, target detection, weapon 

selection, probability of kill, firing doctrine and many 
mere. The evaluation emphasizes the modeling approach used 
with respect to the level of realism required by the players 



and discusses both strengths and weaknesses of th<= models. 
Programming errors are pointed out, but programming techni- 
ques are not discussed. 

Chapter Four is for rec emm endations and conclu siens , the 
natural result cf the solution consideration phase. This 



chapter provides recommendations, corrections, imprcvements 
on modeling, considerations for more realism, as well as 
suggestions concerning documentation. Mo new computer cods 
or algorithms will be provided, only itemized recommenda- 
tions for improvement are included. 

Appendix A contains complete logical flowcharts of the 
air-tc-air engagement procedures using actual variable names 
and includes complete program detail. This appendix will be 
cf great value to a programmer in installing program modifi- 
cations or evaluating discrepancies. Appendix B contains 
the very general model flowcharts for the same procedures. 
If uses plain language and emphasizes the general modeling 
aspects cf the routines. In this appendix, most of the 
administrative programming is bypassed. In Appendix B, the 
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niod> 5 li:ng ia mora trar.spar ar.t than in Appendix A, '-.it!-, 
descriptions and decision logic operationally oriented. 
Therefore, Appendix B would be of more interest ^o an opera- 
tionally orient ad individual. In Chapter Two ana Appendix 

E, the emphasis is placed on the modeling of the Air-tc-Air 
targeting and engagements and not in the pr ogr a iniiing 
met ho oology . 

F. NMGS ANTI-AIE-WAEFARE OVERVIEW 
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Figure 1.2 illustrates the relationship of the 
Air-to-Air angagamsnt procedures with the overall NSGS 
Anti-Air-Karfara modules. The NWGS Strike_Sapsrvisor proce- 
dure utilizes the ACIN_Monitcr and the MSL_.Tonitcr proce- 
dures to control access to the Air-to-Air engagement 
routines, the Surf ace-to- Air engagement routines and the 
Air-to-Sur f ace routines. These three procedures make up the 
engagements control module. Data updates for all defending 
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OAB - WHEi: STRIKE IS DETECTED AMD V/EAPOHS ARE FREE, BOTH 
AIRCRAFT AMD MISSILE STRIKES V.’ILL BE ENGAGED. 

SAM - AIR-TO-SURFACE A!ID SUPFACE-TO-AIP MODELS CALLED. AMY 
INCOMING TARGETS WILL BE ENGAGED BY AREA DEFENSE. 

BPDMS S CIWS - ONLY AIRCRAFT AND MISSILES ATTACKING THE UNIT 
CAN BE ENGAGED BY THAT UNIT'S POINT DEFENSE. 



Figure 1.3 3WGS inti Air Warfare Design. 
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attacking platforms, and evenr scheduling for each phase 
the engagement are controlled by one of the monitor 
cecures depending cn she makeup cf the atnacking group. 

infccund strike group of aircrafr or cruise missiles 
side cf the predefined Crossover Range will cause xhe 



engagements control module to invoke calls to Module 19 and 
20 for rtir-to-Air targeting and engagement. The procedures 
making up these modules are the subjects of this study and 
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are described in Chapter II. Calls to these modules will b- 
scheduled repeatedly until the targets or defending 
aircrafr have all been desrroyea or rhe rargers reach 
Crosscver Range, whichever occurs first. If rhe targets 
have reached Crossover range, then at rhat time, the encage- 
ment ccntrcl module shifts its calls from Modules 19 and 20 
to Module 21, the Surface-t c-Air engagement module, zo simu- 
late the Inner Defense Zone interactions. The procedures 
and models making up the S urf ace-tc- Air engagement routines 
have been evaluated prior to this study by D.T. Stokowski 
[Ref. 7]. The evaluation performed by Stokowski compliments 
and provides continuity to this study of the Mw'GS Air-to-Air 
engagement routines. 
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II. CUSBENT P50GRAM OPERATION 



A. 07ERVIEW 



1. Charter Strucrure 



The NWGS Air-tc-Air engagement models, as a rotal 
package, simulare the air battle interactions between 
defending aircraft and incczning air strikes. The simula- 
tions are concerned with the methcdology and logic cf 
launcher-target pairing, weapon selection, firing doctrine, 
warhead success cr failure and battle damage assessment. An 
incoming air strike is composed exclusively of either 
aircraft or cruise missiles. The NWGS provides separate 
sets cf procedures to modal these two variations cf strike 
corapcsiticn. This chapter prcvides a thorough description 
cf the air-to-air models for bcth strike group types. 

Just as the actual sequencing of events occur in an 
air bottle, the mccel descriptions in this chapter are 
divided intc four engagement phases. They are the Targeting 
Phase, the Shoot Phase, the Engagement Result Phase and the 
Free launchers Phase. The main N'«GS procedures which define 
these phases are: 



• H19_AC_AC_TGTING (Aircraft vs Aircraft Targeting), 

• K20_AC_AC_2 (Aircraft vs Aircraft Engagement), 

• M19_AC_MSL_TGTING (Aircraft vs Missile Targeting), 

• M20_AC_aSL (Aircraft vs Missile Engagement). 

Several additional subroutines are called by these proce- 
dures during each cf the engagement phases. They are iden- 
tified ana described under their appropriate phase heading. 
Each engagement phase description includes a separate 
subsection for aircraft and missile strike descriptions. 
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Thrcughout. tl€ mod 81 deocripoior.s in this chapnsr, 
rsf^rences to th-t particular angagsmant phase nans ar.5 th=- 
strike ccmpcsition are used in lieu of the NWGS prac-dure 
names. This is done to improve the clarity and flow in the 
often complex descriptions. A discussion here of the rela- 
tionship between the engagement phases and the NivGS proce- 
dures will promote this effort. 

The Targeting Phase is performed by the procedure 
M19_AC_AC_TGTI NG or 9_AC _ I-3S L_T GT IN G depending on the air 

strike ccmpcsition. The remaining three phases Shoot, 
Engagement Result and Free Launchers are accomplished by the 
procedure N20_AC_AC_2 or N20_AC_MSL depending again on the 
strike group composition. These two procedures are each 
divided into three different entry points. Each entry point 
performs one of the three remaining engagement phasas. 

For further clarification, all references to subrou- 
tines in this chapter will appear in upper case text. 
References to actual program variable names will appear 
within single quctaticn marks (' ') . However, as often as 

feasible, program variables are referred to by general 
description rather than oy actual names. 

2 . Fre car a tony cc mmer. t s 

This section of the chapter overview provides the 
reader with a few clarifying ccncepts for the detailed 
procedure descriptions. First, it is helpful to have an 
understanding of the relationship between the air-tc-air 
engagements routines with respect to the ongoing war gams. 
Second, the role of sensor detections in the air battle 
modeling is important to realize. Finally, very general 
descriptions of each of the engagement phases are giv^n to 
clarify their relationships. 

While the war game is in progress, access to the 
air-tc-air engagement routines is preceded by movement or 
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ths air strike and the defending aircraft. This is 
performed by the MWGS kinematics routines. At the seme time 
all activated sensors are evaluated through the periodic 
execution of the NWGS detecticn routines. The air-tc-air 
models ara activated by the engagement control module once a 
two-sided engagement has been defined and the opposing sides 
have been identified by the NXGS detection routines. The 
engagement routines may be initiated by player command or 
automatically as a result cf doctrinal control of forces. 
In either case, the engagement processing is the same. In 
the Anti-Air-Harfare arena, the air oattle simulations are 
followed by the Sur face- to- Air and the Air- to-Surf ace battle 
simulations. In other arenas, they may be fcllcved only by 
the Air-t o-Sur f ace battle simulations or battle damaga 
assessment . 

The MWGS detection routines are periodically 
executed for all active sensors participating in the war 
game. A player must have detection information available 
before the engagement procedures can me initiated. However, 
detection information is not used directly by any of the 
air-tc-air engagement models. The ir^GS philosophy statss 
that in an actual Havel Combat situation, sufficient sensor 
data is always available to execute the necessary engage- 



ments [Ref. 6]. For this reason, the NWGS assumes that it 
is unnecessary to connect the detection simulation to the 
air-tc-air engagement simulation. 

The following is an introductory description of the 
HWGS air-tc-air engagement phases of execution. It provides 
the overall understanding of the goals cf each phase for the 
detailed model discussion. Recall the four engagement 
phases are: 

• The Targeting Phase, 

• The Shoct Phase, 

• The Engagement Result Phase, 

•The Free Launchers Phase. 
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Ihe lira ft in a Phasf cat era in as launcher -?.r. d car get 
platform eligibility for engagement, based on the range 
capabilities of the launcher's weapon compliment. All 
launcher, weapon and target platform combinations that may 
engage are identified for entry into the Shoot Phase. The 
Sh22i Pha se avaluat-es all cf these potential engagement 
combinations to determine which will actually engage. This 
determination is made through the evaluation of the prob- 
ability cf launcher conversion for each combination. The 
Shoct Phase then executes the actual weapons expenditure. 
The Inaacem ent Pesuit Fh^se is scheduled fcr activaticn at 
the expected time of weapon-target impact. This phase then 
evaluates the effectiveness of each fired weapon through the 
probability of kill evaluation. This evaluation uses either 
a deterministic or a stochastic method to determine each 
engagement outcome. The Free Launchers Phase releases the 
launchers and updates information so that the launchers are 
available fcr reassignment. 

B. TAEGETI’JG PHASE 



1 



Ov ervi e w 



The Targeting Phase is performed by the procedure 
M19_AC_AC_TGTING or M19_AC_ XSL_?GTI h'G , depending on the air 
strike composition. Ill 9_ AC_AC_TGTING is the aircraft 
targeting procedure and n 19_AC_MSL_TGTI'JG is the cruise 
missile targeting procedure. Each procedure, wi-^h its asso- 
ciated subrcutines, models the logical processes of pairing 
potential weapon launching aircraft with target platforms. 
The aircraft targeting procedure considers the defending 
aircraft and the attacking strike group aircraft as poten- 
tial launchers. The missile targeting procedure is one- 
sided in this resoect. 
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^ r. 



Each call tc or.a cf th-sss procedures considers 
single strike group cf aircraft or cruise missiles, 
aircraft strike may include several tracks, each wish i-^s 
cwn subtask or mission assignment. A cruise missile strike, 
whether surface-, subsurface- or air-launched, is alv;ays 
considered as a single homogeneous track. It is important 
to note that a single track of aircraft or missiles may 
consist cf one or several platforms. Defending aircraft are 
composed cf Combat Air Patrol (CAP) and Deck launched 
Interceptors (DLI). All available CAP and DLI associated 
with the particular strike are considered in the targeting 
process . 



Both procedures access several system common proce- 
dures and subrcutines that assist in this phase of 
processing. Subroutines available to the targeting proce- 
dures are the TAHGSHMG and %'ZAPOK_?RSE_CHSCK subroutines 
used only by the aircraft targeting procedure, and the 
M30_?HOXi:-lITY, LIS'I_?LAT, OAB_PAIRS, ASSIGN_:-1DLTI and 
C3DE3_FAIPS subroutines, which are used by both. The impor- 
tant aspects of these are described wr.en applicable. Figure 
2.1 shows the Targeting Phase procedure and subroutine 
hierarchy. 

Throughout the Targeting Phase description, most 
program variables are referred to in general descriptive 
terms. Ecwever, a few of the actual variable names are used 
repeatedly and are considered to be more effective than 
their general descriptions. Two of these variables, 
’ g_strike_entity ' and ’ air_air_pair ' , represent large data 
structures. The ’ g_strike_entity ' variable is referred to 
as a table. It contains all cf the necessary information to 
define the potential air battle. The ’ air_air_pair ' data 
structure is also a table. As the name implies, it contains 
the launcher and target pairs created by the Targeting 
Phase. • The ’strike ix’ variable is the index to a soecific 
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AIRCRAFT TARGETING PHASE SUBROUTINES 




MISSILE TARGETING PHASE SUBROUTINES 




Figure 2.1 Aircraft and Missile Targeting Phase Subroutine 
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•max’ variaclas ara all cne dimensional limits used in cpti- 
nizing the targeting process. 

The Targeting Phase is initialed when the encagemsnt 
control module calls one cf the rargeting procedures. 
Regardless ci which procedure is neing called, the control 
module passes the single index cararaerer ' str ik.?_ix ' . This 

index provides access to the ' q_strihe_entity • table, which 
tonally defines the pctsnnial air batnle. The resuln of the 
Targeting Phase is the globally defined data structure 
'air_air_pair' . This table contains the selected launcher- 
weapcn and target platform combinations with the assccianed 
data ne'=ded by subsequent engagement, phases to continue 
processing. 

2. Aircraft Taraetina 



The aircraft targeting prccedurs h 19_AC_AC_TGTI1IG 
performs the Targeting Phase when the strike group is 
ccmpcs.ed of aircraft. It considers all ci the tracks which 
maxe up "he strike group vn-n procsssing for appropriate 
engagement pairings. All availaole CAP and DLI aircraft are 
considered as well. Appendix A (p.135) and Appendix E 
(p. 195) show the procedure and modal flows for the aircraft 
targeting procedure. 



a. 



In it ialization 



Upon initial activation, the aircraft targeting 
procedure uses the 'strike_ix' parameter to access informa- 
tion relative to the strike group and the potential air 
battle. Among the variables which are then initialized are 
the fcllcwing engagement parameters; 

* the total number cf CAP tracks. 
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• th-^ total number of CAP aircraft included in the CAP 



tracks. 



<* the number- of tracks included in the srrike group, giver, 
as mission subtasks, 

• and the total number of aircraft in the strike group. 

Also obrained, are the indices ro game data base tables 
which identify the individual CAP and strike group aircraft 



rime 






tracks. The 'wpn_limit' variable is set at this 
according to the size of rhe pctenrial air bartle. Thi: 
other targeting limits are discussed in detail in subsecrion 

(d) . 

The remainder of -he Targeting Phase is divided 
into two halves. The first half evaluares the CAP aircraft 
as potential launchers and the srrike aircraft as targets. 
The second half performs the same task vioh the roles of 
launcher and target reversed. This allows the air-tc-air 
capable strike aircraft the opportunity to narget th« CAP 
aircraft. The me-hcdclcgy of -he -wo halves is iienoical. 
Ther’=fcre the remainder of rhe Targeting Phase is described 
using the general terms launcher and target in place of CAP 

The processing point at which -he 



and strike 


aircraft . 


roles are 


18 V 9 r S8 d, is 


during nhis 


descri pt icn. 




Each of the 


sequ en- ial 


subphase of 



of the fcllcwina subsections reoresents 



Targeting phase. 

b. Weapons Free Check 

This section of the Targeting Phase determines 
which of the launcher aircraft are qualified for further 
processing. For each potential launcher track, the subrou- 
tine hFAPOIIS free check is called tc evaluate each track's 
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claarancs-t c-f ir<= status. Afpendix A (p.mO) shews eha 
proesdurs flow for this subroutir.a. 

W3AF0NS_FR2E_CHECK svaluatas rhe first aircraf* 
cf aach laur.ohar track. If the first aircrafr has baar. 
assigr = d a waapons-frse status, then all other .narbars of 
■char rrack are assumad to have the same starus. The 
weapons- free status is assigned during game play by the 
appropriate authority and stored in each aircraft's data 
base table. This subroutine also keeps a running count of 
the toral number of qualified launcher aircraft. Only 
launcher tracks with wea pons-free status are processed 
further. These qualified launcher tracks ars indexed in a 
separate table for further processing. 

c. Range Determination 

Following the determination of cualified 
launchers, the main control loop of the aircraft targeting 
procedure executes the complete targeting process for cne 
target track at a time. From this point or. in the 
processing, a single tr^ck of potential targets and all 
wea pens-free launchers are being considered for targeting. 

The subroutine «3 0_?HOXI ;-JITY is now called to 

perform the Launcher to target track range determination. 
This subroutine uses a great-circle ranging routine to 
calculate the ranges between the target track and every 
eligible launcher track. It than orders the launcher tracks 
according to increasing range from the subject target track. 
The result of this subroutin.'^ is a table of launcher- target 
track pairings by increasing range. The tabled ranges 
represent the distance along the surface of the globs and do 
not account for track altitude. 

when the range determination is comple'^e for a 
particular target track, the subroutine LIST_PLAT is callad. 
This subroutine identifies and tables the individual target 
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A 



aircraf* vit.hin tha subject target track. It alsc ierer- 
miras th? total r.uabar of aircraft it tha target track. 

c. Mission Weighting and Targeting Limits 



Prior to performing the actual targeting for 
each particular target track, three limiting parameters must 
he evaluated and set. The parameter names are 'MAX’, 



• wpn_limit ' and 'mt_limit' . 

The 'MAX' parameter is the maximum number of 
launcher aircraft that may be assigned to tha particular 
target track. The determination of this parameter includes 
the target track's mission weighting factor, the total 



number of launchers available 
the target track to the total 
battle. The mission weightin 
tance of the target track miss 
the various mission weighting 
the model used for determining 
ment limit. 



and the ratio of aircraft in 
number of targets in the air 
g factor represents the irr.por- 
i on assignment. Table I shews 
factors. Equation 2.1 shows 
'MAX', the launcher assign- 



MAX 



( R TL * ( ST / TT ) ) +0.5, 



( 2 . 1 ) 



where R 



the track mission weighting factor, 

the number of eligible launcher aircraft, 

the number of aircraft in the target track. 



TT = the total number of aircraft in the strike. 

The ' wpn_limit ' parameter is defined as the 
maximuir number of times that a single target aircraft may be 
targeted at a given time. This parameter value is assigned 

based on the size of the potential air battle. If the 
number of CAP aircraft and the number of strike aircraft are 
both greater than two, then the 'wpn_limit' is set to two 
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(2). Otherwise, the 'wpn_liaiit' is set zo one (1) for the 
smaller air battle. This targering limit applies cnlv 
during the cne-tc-one -argeting phase whrch is discussed in 
subsecticn (•=^-1). The one-to-one targeting phase allows 
launchers to be assigned only one target aircraft. 

The 'mt_liinit' parameter is defined as the 
maxi mum • number of times that a single target aircraft may be 
■targeted at a given time including the consideration of 
multi-targe ting launchers. This targeting limit aopliss 
only during the multi-targeting phase which is discussed in 
subsection (e-2) . Table I summarizes the assignment of 
•wpn_limit' and ’mt_limit'. 



TABLE I 

Aircraft Targeting Phase Limits and weighting Factors 
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Individual Track Targaning 



The aircraft targeting procedure new calls ths 
subroutine TARGETING to perform the decision analysis needed 
to complete the targeting process for the sub'jecn targen 
track. This subroutine searches for appropriate combina- 
tions of launcher aircraft, weapon type and target aircraft. 
The subroutine executes in two segments. The first segment 
performs one-to-one pairing of launchers to cargers, 
assigning at most one target to a launcher. The second 
segment creates additional targeting assignments using 
previously paired launchers that have multiple targeting 
capability. When appropriate matches are found, either the 
CAB_PAI?.S subroutine or the ASSIGN_MULTI subroutine is used 
to store the necessary information. which subroutine is 
used depends on the segment that is being executed. The 
necessary pairing information is stored in the 
'air_air_pair' table for access during the remaining engage- 
ment phases. Appendix A (p.iui) and Appendix 3 (p.196) show 
the procedure and basic model flow for the subroutine 
TARGETING. ' 

("1) Cne -to -O r. e Seament. The 

cne-tc-ens targeting segment of the subroutine TARGETING 
considers all available gualified launcher aircraft and the 
single target track of interest. Initially encountered in 
this segment or processing is a pair of nested procedural 
loops. The outer loop increments through each launcher 
track. The inner loop steps through the individual launcher 

either Icop may be exited ij 
for "this 

track is reached. 

ated , two initial status checks are performed. The first 
check cenfirms that the potential launcher is not already 
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destroyed. Th9 s<=ccnd cne insures that the launcher 

aircrafr is not already assigned. If either of rhese chects 
fail, evaluation of that launcher is bypassed. 

If both of “he above checks are 
successful, then processing of than particular launcher 

continues. at this point the single qualified launcher 
aircraft and the multiple target track are being evaluaced. 
The one-to-one targeting segment now evaluates one weapon of 
the launcher aircraft's weapon compliment at a tine until 
the appropriate weapon is found. Each air-ro-air cype 
weapon onboard the potential launcher is evaluated for suit- 
ability in the specific situation. The weapons are evalu- 
ated in order of their range capabili-y. Longer range 
weapons are evaluated first. This is the order of their 
indexing in the K>IGS data base. The weapon parameters used 
to evaluate the weafcn's suirability are irs sn d 

IsilSS capability and its SL^ximum lock uo ana lock 
down capability in terns of altitude differential. The 
limiting parameter values are accessed from the NWGS dara 
bas^ lisred under weapon properties. The actual range and 
alti^.ude difference values used in the evaluation are deter- 
mined using the launcher and target tracks. When a quali- 
fied weapon is identified, processing continues to the next 
nested level. If a satisfactory weapon is not found then 
processing of that launcher aircraft is bypassed and another 
launcher will be evaluated. 



The next level of processing is nested 
within the above weapon evaluation structure. It considers 
the launcher and the selected weapon while evaluating indi- 
vidual target aircraft as potential targets. Two individual 
search processes may be conducted to find an appropriate 
pairing. The first search evaluates alternate target 

aircraft in the track. This method is used until a quali- 

fied pairing is found or half of the aircraft within the 
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track hav<i beer targeted, 
search nie-hcd or half of th 
second search method is exe 
ates every target aircraft 
found. The target evaluati 
cf twc target, status checks 
the target aircraft has no 
seccnd check determines if 
been targeted to its limit 
are satisf actcry , then the 
store the launcher-weapon a 
tion. If a qualified ta 
launcher and weapon, then a 
evaluate d. 

After -h 

assigned to a target, the s 
to increment through the la 
ment. However, the subrcut 
pairing for that launcher 
stances. The weapon being 
cr a short range non-missil 
is the only exception to 
rule fcr the one-to-one '•a 
case, a single weapon may o 

At the c 

processing, whether a targ 
the subroutine TARGETING in 
the launcher track and re 
At the completion of each 
next mors distant launcher 
available launcher tracks 
limiting factors in effect 
segment are the 'max* para 
the *wpn_limit' parameter. 



i 

> 

If no pairing 'is found using this 
e aircraft are targeted, th.?n the 
cutsd. The second method evaiu- 
in the track until a pairing is 
on within these searches consists 
. The first check confirms that 
t already been destroyed. The 
the target aircraft has already 
'wpn_limit'. If these twc checks 
subroutine OA3_PAIRS is called to 
nd target ' air_air_pa ir ' infer ma- 
rgat can not be found for this 
not her weapon on this launcher is 

e launcher aircraft has been 
ubreutine TARGETING will continue 
uncher's remaining weapon cemp'i- 
ine logic will only allow another 
under certain special circum- 
evaluated must be an aerial gun 
e weapon, such as a rocket. This 
the single pairing per launcher 
rgeting segment. Even in this 
nly be assigned to one target, 
cmpletion of a launcher aircraft 
sting assignment is found or not, 
ere men ts to the next aircraft in 
peats the evaluation sequencing. 



launcher track process 


ing, the 


track is processed. 


until all 


have been evaluated. 


The only 


during the one-to-one 


targeting 


meter fcr this target 


-rack and 


both discussed earlier. 
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Wh-=n 



(2) M ulti-Tara 9tij23 Saameat. Whan all af -.ha 
qualified pairings havs been identified in the cne-rc-cna 
targeting segaent, the mulri- targe ting segment for rhat 
track begins. This segment considers all of the aircraft in 
the current target track whexher already targeted or not. 
The only launcher aircraft that are considered are these 
which have already been assigned to targets in this air 
battle. An inixial check dsxsrmir.es if any pairs exist in 
the ' air_air_pair' table. If nc pairs exist, then itiuixi- 
taraeting proceeds nc further and control is returned to xh? 
main aircraft targeting procedure to process the next target 
track . 

If pairs dc exist in the ' air_air_pair ' 
table fer this air battle, then the multr-targexing segment 
begins processing with a pair of nested Icops. The out<=r 
loop evaluates each aircraft in the subject target track. 
For each target aircraft, two status checks are performed. 
The first check confirms that tha target aircraft has not 
already been destroyed. 



target aircraft has already bear, targeted 'mt_limit' times 



If either cf these checks 



'ail, then that particular targe-' 

A cr-P; 



z hen 



is bypassed. If beth checks are satisf actory , 
processing continues to the inner nested loop, 
increments through every launcher-target pair currently 



This loo? 



listed in th; 



•air_air_?a i; 



table 



the subject air 



battle. A search is conducted for a launcher aircraft and 



selected weapon with multi- tar gating capability to pair -with 
the particular target aircraft. A launcher will not be 
assigned again tc the same target aircraft. If a qualified 
match is feund for this target aircraft and more than one 
round cf the selected weapon is available, then the subrou- 
tine ASSIGN_aULTI is called tc add the additional pairing to 
the ' air_air_pair' table. When a pairing for this targe-'- 
aircraft has been feund, the inner loop is exited and the 
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cutsr Iccp incr;!ri 2 nts t.c the next aircraft in 
track. If no ranch is found for any one targen aircrafr 
processed aitsr evaluating all eligible launchers, then nha 
.Tiuln i -targe tin g segment is nerainaned and connrol is 
returned to the rain aircraft targeting procedure 

M19_AC_AC_TGTI1IG for processing cf the next targen track. 

(3) Subjcut^es. The subroutines OAB_?AIBS, 
A3SIGN_MULTI and OHDER_?AIR are accessed by the subroutine 
lARGETIMG curing the individual 
The subrcurine 0A3_PAIR3, called 
targeting segment, records the cat 
that is required for further engag 
primarily administrative in nature. This subroutine actu- 
ally creates the ' air_air_p air ' table which will be used by 
the remaining engagement routines to execute th'=‘ later 
phases ci the air tattle. The subroutine ASSIG!j_:-lULTI 
performs the same task as OAE_PAIRS except that it is called 
during the multi-targeting segment. Each of these routines 



ack 


targeting proc 


duri 


ng the one-tc 


for 


each *air_air_p; 


ent 


processing. I 



xee ?s 



a runr.rng 



:otal count of 



tn e 



numcer o 



aauncr.ers 



assigned to the particular target track being processed. 
This count is used in the subroutine TARG5TIEG, fcr compar- 
ison to the 'MAX’ limit. Since a target may ultimately be 
targeted more than once, the subroutine ORDER_PAIRS is used 
to sort the 'a ir_air_pair ' table to keep pairs with the same 
target together in the table. This is dons to simplify 
proc'='Ssing during the Engagement Result Phase. This subrou- 
tine is called by both OAB_PAI?S and A3SIGh’_:iULTI. Appendix 
A (p. 146-1h9) shows the flow for these subroutines. 

f. Other Target Tracks 

The subroutine TARGETING returns control to the 
aircraft targeting procedure X 1 9_AC_AC_TGTING. The main 
control loop of this procedure increments to the next target 
track and repeats the processing already described. 
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begirr.ir.g with the range determination. When '.all of the 

defined target tracks have been processed, one half of the 
aircraft targeting procedure has been completed. When the 
first half is completed, then the launcher and target roles 
are reversed and sequencing begins again at the weapons free 
check. When both halves are completed, aircraft targeting 
for this targeting interval is complete. The only noticable 
difference between the two halves of the procedure is the 
use of different variables to identify the appropriate 
' air_air_pair' tables. 



Prepare for Shoot Phase 



At this point, the existence of the 
*air_air_pair' table represents potential air-to-air angags- 
ments. The aircraft targeting procedure returns control to 
the engagement control module and the pending sngacsirents 
are immediately made available to the air-to-air engagement 
procedure. Calls for targeting between other strike groups 
and -heir associated defending aircraft will continue. when 
the next targetino interval for the currently taraeted 
s-^riks ccnes up, the strike group will be processed again. 
This process will continue until either side is destroyed or 
the strike group reaches the crossover range. 



His sil e Targ eti ng 



The missile targeting procedure M 1 9_AC_MSL_TGTIhG 
performs the Targeting Phase for air strik'^s composed of 
cruise missiles. The cruise missile strike, whether 
surface-, subsurface- or air-launched, is always considered 
a single homogeneous track. All available CAP and DLI 
aircraft are considered as potential launchers when 
processing for appropriate engagement pairing. Appendix A 
(p. 176) and Appendix B (p. 2 04) show the procedure and basic 
model flews for the missile Targeting Phase. Appendix A 
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(p.146) also shows the flow for ohe subrourinas CtiB_?AIF,3, 
ASSIGH_WULTI and 03DSS_?AIR accsssed during the oissile 
Targeting Phase. 

The modeling methodology used for -he missile 
Targeting Phase is very similar to that used for the 
aircraft Targeting Phase. For this reason, the following 
description discusses only the effective differences between 
the missile and aircraft Targeting Phases. 

The only notable modeling differences between the 



aircraft 


T2.rgs"ting Phas8 


and 


the mi 


ssil-e Targeting 


Phase 


ar 3 


in the 


aet arminat ion cf 


the 


targe 


ting limits. 


S ince 


tha 



missile strike consists of one homogeneous track of cruise 
missile targets, there is no need for a limiting parameter 
like ’liAX* to restrict the number of launcher assignments. 
The cns-tc-cne targeting limit *wpn_liait' is set exactly as 
in the aircraft Targeting Phase. However, the multi- 
targeting limit 'mt_limit' is set to the constant value of 



two (2) 


fer cruis3 


missile targets. This 


means that a 


single 


cruisa missila 


may never be targeted by 


more than two 


d e f e n d i 


r.o aircraft ar 


one time. 





The 

strea mlined 
reason for 



missile Target 
than the aircra 
this is that the 



an opportunity to engage th 
there is no role reversal 



ing Phase is, in general, more 
ft Targeting Phase. An obvious 
cruise missiles are net provided 
e defending aircraft. Therefore, 
coding necessary. Also, the 



missile targeting procedure internally performs its own 



weapons free checks and in 
accessing subroutines. W 
checks, -^he aircraft targ 
first aircraft in each 
targeting procedure checks 
directly fer a weapens-f 



dividual track targeting without 
hen performing the weapons free 
sting procedure chec ks only th- 
launcher track. The missile 
each potential launcher aircraft 



ree 



“ules -o f-enga gemen t status. 



ether subroutines including H39_PROXIi1ITY , 
CAS_?AIS3, ASSIGll XULTI and 0?,D3H_PAIES are 



LIST_FLAT, 
used by th- 
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missile Targeting Fhass and perfcra zh.?. same tasks as ir 
aircraft Targeting Phase. 

C. SBOOT PHASE 
1 . Cve rvi e v 



The air-to-air engagement Shoot Phase ccnmencss at 
the first entry point of the procedure M20_ AC_ AC_2 or 

K20_AC_hSL, depending on th<= the air strike composition. 
The procedure ’■!2 0_AC_AC_2 is the NWG3 level two air-to-air 
aircraft engagement procedure. The procedure h20_AC_HSL is 
the NWGS air-to-air cruise missile engagement procedure. 
The Shoot Phase models the prelaunch factors which 

contribute to the success or failure of the launch aircraft 
in achieving a firing position. These factors are used by 
the Sheet Phase to determine which launchers will actually 
engage targets. The call tc this phase will evaluate every 
pending engagement pairing created by the Targeting Phase 
for -^he current air strike. The Shoot Phase terminates with 
the execution of the actual weapon expenditure. 

Targeting Phase, tn^ 
pending engagements are listed in a single ' arr_air_pair' 
table. The Shoot Phase evaluates each targeted pair based 
on its potential for success. This evaluation considers the 
availability of Ground Control Intercept vectoring. Airborne 
Early Warning, environmental weather effects, fire control 
and weapon launcher reliability and electronic warfare 
effects. 

The factors above are used to calculate the prob- 
ability of conversion 'PCOMV. The 'PCONV represents the 
likelihood that the launcher aircraft will reach a satisfac- 
tory weapon launch position and then accomplish the launch. 

Per each engagement pair, the calculated ’PCONV' and 
the weaper. probability of kill 'PKSS* are used tc determine 



At the completion of the 
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the actual weapon expenditure. The Shoot Phase rourin- 
provides both deterministic and srochastic methods ior rh^ 
weapon expenditure dererminaticn. 

The Shoot Phase processes will delete some of rhe 
engagement pairings created by the Targeting Phase. For ohe 
•air_air_pa irs * that survive the evaluation, the Shoot Phase 
executes the logistics of ordnance expenditure for the 
launcher aircraft. Each weapon time or flight is calculated 
in order to approximate an impact time. The average 
expected weapon-target impact time is used to schedule 
access to entry point rwo of the appropriate er.gagemeno 
procedure. Entry point two will then perform the Engagement 
Result Phase. 



The Shoot Phases of 



aircraft engagement and rhe 



missile engagameno procedures access several sysrem common 
subroutines. 2lany of these subroutines are purely utility 
function or administ.rative in nature and are not described 
here. The subroutines which are considered relevant to the 
Shoot Phase modeling ana are discussed in this section are: 
SEATHER_FiCTC5, 

ti;'!E_6f_fligkt, 

VECTOR_CHSCK , 
h30_DAY_NIGHT, 

M02_LEVEL_1_UGAGE, 

EELZTE_PAIR , 

Llli K_PAIH, 

LOO ?_A GAIN, 

EN 

and OP_CM. 

The Shoot Phase is initiated when the engagement 
control module calls the first entry point of an engagement 
procedure. Regardless of which procedure is called, the 
control module passes to it the single index parameter 
' pstrike_i X *. This index provides access to the 



U6 



for the 



* g_strik«_®r.tit y ' tabl$ for the subject air batti-:. . The 
table cor.tair.s the cress reference index zo the associated 
' air_air_pa ir' table of pending engagements. The final 
outputs of rha Shoot Phase are individual ' ai r_air_pair ' 
tables which define the engagemenos that are in progress. 
For the aircraft Shoot Phase, each table contains engaged 
pairs using the same weapon type. For the missile Shoot 
Phase, one 'air_air_pair' table contains all of the engage- 
ments in progress. Each ' air_air_pair ' table has an 
expected impact time which is determined from the average 
times of flight for all of the weapons launched within that 
table . 

2. flirc ra ft Tarcet Shoot Phase 

The Shoot Phase of the aircraft engagement proc<=dur = 
fl20_AC_ftC_2 evaluates ail * air_a ir_pairs ' of pending 
aircraft engagements created by the aircraft Targeting 
Phase. These include the pairs created when the strike 
aircraft are evaluated as launchers. Figure 2.2 shews the 
procedure and subroutine hierarchy for the aircraft Shoot 
Phase. Appendix A (p.150) and Appendix 3 (p.199) show the 

procedure and model flow for aircraft Shoot Phase. Flow 
charted subroutines are listed separately in the applicable 
subssetien below. 



a. 



Initialisation and Check: 



Upen initial entry, the aircraft engagement 
procedure uses the calling parameter *pstrike_ix' to access 
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* S08ROUTIN£S OISOiSSED IN CHAPTER II 




Figure 2.2 Aircraft Shoot Phase Subroutines. 



table. This 
processing for 
• Air_air_pairs 



loop structure allows complete Shoot Phase 
each pair that is using the same weapon type, 
using diff arson weapon types are bypassed. 
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When the end of the table is reached, additicnal parses 
through the table are performed. This is done for each 
different weapon type used. For each pair that is 
processed, several working variables are initialized. These 
include precise aircraft identifications, track indicss, 
flight schedule event indices, target and launcher track 
altitudes, target track speed, and indices to data bass 
tables icr platform and weapon system properties. Each of 
the fcllcwina chaoter subsections rsoresents 



a significant 



sequential section of the aircraft Shoot Phase process! 
t. Baseline Probability Determinations 



The Shoot Phase processing next assigns to each 



air_enr_pair' 



•WO baseline probability values. 



Th^y cT’ 



the Probability of Conversion 'PC0N7' and the Single Salvo 
Probability of Kill 'PKSS'. The baseline 'PCONV' appears to 
be defined as the probability that the proposed launcher 
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the particular 'air_air_pa ir* la uncher- weapon combination. 
If the search is successful, the index to the appropriate 
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tablss is saved for later rsfe_5aca. If the search is r.o-^- 
successful, the ' air_air_pair ' will later be assigr.ed 
default values for its baseline probabilities. 

Next, the target aircraft of the air_air_pair is 
classified according to its speed and size category. There 
are two speed categories. Speed caregory one is for less 



that 600 knots. 



Faster aircraft are assianed 



speed 



category 


two. 


There are three 


aircraft size catego 


ri- 0s • 


Aircraft 


si zes 


are based on the 


number of engines o 


n the 


aircraft 


and ar 


e represented in 


the NWGS data base 


un d er 



target platform properties. Aircraft rarget size categories 
are determined from these data base values. Size category 
cne indicates a single angina aircraft. Category two indi- 
cates a twin engine aircraft and size ca-^egory ohree repre- 
sents any larger multi-engine aircraft. 

When the target aircraft has been classified 
according to speed and size, the assignment of baseline 
probability values may be mad?. If the appropriate prob- 
ability table was found in th« initial search, the values 
are provided from the table for aircraft targets of the 
appropriate speed and size categories. When the appropriate 
tables are not found, default values are assigned. The 
default values currently used for a generalized air-tc-air 
missile weapon are ?CONV equal to 0.8 and FKSS equal to 0.8. 
The values for a gun weapon are PCONV equal to 0 ,^ and ?KS3 
equal to 0.4. These default values are the same fcr all 
target aircraft speed and size categories. They are 
initialized in the variable declaration section cf the 
K20 AC AC 2 orccedure’s ?L/I code. 



c. 



Weather Factor Determination 



by 



The Shoct Phase processing new continues 
calling the subroutine W EATHER_?ACTOH to evaluate the 
engagement weather environment. This subroutine returns two 
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I 



envircnrn^r.tal factor valuss, •sr.v_fac_cV and ' snv_fac_c.c’ , 
to the aircraft engagement procedure. Both values are 
numbers between 0.0 and 1.0, and are used as multipiican ive 
factors for the final 'PCONV and 'PK3S' calculations. The 



*env_fac_cv’ paramenar applies ~o 



FCOIV 



anc 



•env_fac_pk' applies to 'PKSS'. 



The environmental area 



weather evaluation includes cloud density, precipitation 
density, day-or-night and the launcher and target location 



relative to these factors. 



WEATHER FACTOR accesses the 



subroutine i130_D AY_H IGHT. Appendix A (p.160) shows the 

subroutine flow for WEATHER_FACTOE. 

The war game environmental weather quality is 
established in the HWGS data base during pregams scenario 
initialization. Cloud and precipitation densities are 
categorically classified as none, low, medium or high. The 
NWGS data base contains property tables for each weapon 
system and weapon used by the gaming system. Within these 
tables are env ircnmantal factors for effectiveness which are 



levels. 



cr nngnt. 
level is set to 
cay times. 



ez m s 


of cloud density 


an d 
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The 


subroutine MEAT 
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FACTOR 


:T to 


dsterm'ne if the 


cur 


rent game 


When 


it is night time. 


the 


precipit 


. to 


a value of medium 


or 


high fcr 


the 


actual precipitat 


ion 


level is 



first calls 
time is day 
at ion density 
effect. At 
used. The 



location of the target with respect to clouds is then deter- 
mined. The subroutine WSATHER_FACIOH then determines the 
appropriate category indices fcr table look up of the appro- 
priate envircn mental factors. The ' env_fac_cv' is accessed 



fro m 



;he weapon system property table. 



The 'env fac ok' 



accessed frcm the weapcn prcperty table. Table II summa- 
rizes the determination and assignment of the weather factor 
indices by this subroutine. The subroutine WEATHZR_FACTOR 
uses the indices to look up the appropriate factors for each 
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pair svaluat-rd aad r=turr.s them to tha aircraf*: sr. gag a a ant 
procsdura. 



TSBLS II 

Environmental Factor Index Determination 
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* OR No PredD OR No ClooCS AAM « Atr-to-Alr MissTI© 



d. Vector Assistance Factor Evaluation 



O — CLo. « • 

Conticl In 
The sufcrcu 
ticn. It 
another 
Add en dix 



Eh is D or ticn of the Shoot Pnasa deter manes ar 
vectoring assistance available for each launcher 
Vector assistance may come from either Ground 
tercept (GCI) or Airborne Early Warning (AEW) . 
tine VZCT03_CHECK is called to perform the evalua- 
returns an effectiveness factor that as used as 
multiplicative factor for modifying ‘PCCNV’. 
A (p.162) shows the subroutine flow for 



VECTOR CHECK. 
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Ths evaluation ci vectoring assistanc' is 
perfcrirea only if the launcher aircraft is associated vitn 
CA? tracks or defending aircraft. If the launcher aircraft 
is part of the strike group, this portion of ths sheet phase 
is bypassed and ths vector assistance multiplicative factor 
is set tc 1.0. Both of these capabilities, GCI ana AEW, are 
assumed tc enhance the PCOIIV. 

The actual factor values used by the Sheet Phase 
are initialized in the variable declaration section of the 
aircraft engagement procedure M20_AC_AC_2. When -^hera is 
GCI available, the vector assistance factor is set tc 1.1. 
when AZvl is availability, the vectoring assistance factor is 
set tc 1.2. If the launcher aircraft is operating autono- 
mously, a factor of 1.0 is used. 

€. Final PCCBV Calculation 



This portion o 
final ’PCONV’. The 'peon 
doctrine and determine the 
each ' air_air_pair ' engage 

from the initial data bas 
several factors. These 
control reliability, veap 
environment al factor for co 
tance factor. Ths first tv 
erties accessed directly fr 
facters are determined a 
weather factor and vector 
descr ipt ions. The final 
the probability that the la 
intercept and successfully 
target of the specific spee 
Zquation 2.2 g 
the baseline PCO:iV. 



f the Shoot Phase calculates the 
V is used to evaluate the firing 
actual weapons expenditure for 
ment. The baseline PCONV value 
e table look-up is modifisd by 
factors are weapon system fire 
on system launcher reliability, 
nversicn and the vectoring assis- 
o factors are weapon system prep- 
cm the data base. The last two 
3 described previously in the 
assistance factor determination 
'PCONV appears to be defined as 
uncher is aols to detect, track, 
launch the selected weapon at a 
d and size category, 
ives the formula used tc modify 
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PCOMV 



FCVB * FCH * LR * 



( 2 . 2 } 



CF 



FCVB = 
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FCE = 


llh 3 
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CF 



= ~ns vsctcrir.a assistance ractor. 



f. Firing Dcctrins and Weapons Expenditures 

Ths Shoot Phase next datersiinss tha firing 
doctrine and weapon expenditure used by the launcher 
aircraft for ths subject s ngagsuent . The result cf this 
porticn cf the Shoot Phase is the actual number cf rriissiies 
fired cr rounds of bullets expended by ths launcner 
aircraft. The final PCONV value previously calculated and 
the baseline PKSS are the parameters used to mahe the firing 
doctrine decision. 

If the selected weapon is an aerial gun, then 
Equation 2.3 giv‘=-s ths formula which determines the number 
of rounds actually expended. 



Rounds_Fired = PCONV * MI!J (FA, ER) 

where FA = the rounds available to 
MF 






(2.3) 



the maximum rounds mat can be fired 
based cn the gun's rate of fire and the 
duration of the strike. 

If the selected weapon is an air-to-air missile, 
then the number of missiles actually fired may be either 
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^^t^rmir.isTically or stochastically svaluated ba = ad cr. 
firing dcctrina and PCOMV, The firing doctrine is firsn 
determined as a function of the baseline 'PKS; 



G.r. c 



:ne 



number of the selected missile type available. There are 
two firing doctrines. Firing doctrine one will consider 
firing one missile and is used when the baseline '?K3S' is 
greater than 0.7 or when there are less than four rounds of 
the selected weapon available. Firing doctrine two will 
consider firing two missiles and is used only when the PKSS 
is less than cr equal to 0.7 and more than 4 rounds are 
available. Tiae actual weapon expenditure is 'Evaluated usir.q 
the firing doctrine and the 'FCONV. 

When the deterministic method is used, the 
number of missile rounds fired is determined primarily by 
the »FCO:iV. If the '?CONV» is less than 0.5, no missiles 
will be fired. If the 'PCONV is between 0.5 and 0.7, one 
missile is launched and if the 'PCONV is greater than or 
equal to 0.7, the firing doctrine discussed in the previous 
paragraph is used. 

If the stochastic method is used, a randomiza- 
tion process is performed. For each round of the firing 

doctrine, a Uniform (0,1) random number is drawn and 

compared to the 'PCONV. If the random number is less than 
the 'PCONV, then a missile is launched. Otherwise, that 
round is net launched. If firing doctrine two is used, then 
this comparison is repeated with another random number. The 
maximum number that may be launched is equal to the firing 
doctrine. Table II summarizes the actual rounds expended 
dete r mination. 

When the number of rounds expanded is determined 
to be more than zero, then the level one logistics preesdure 
K02_LZ7EL_1_US AGS is called to update the launcher weapon 
load. This is accomplished simply by decrementing the 
weapons available by the number fired. The pairs in which 
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the launcher fires zero rounds are deleted 
•air_air_pair' table by the subroutine DELETE PAIR 



cm 



launchers are rhen released for retargeting. when all o 
xne ’ an r_arr_ pa ir s * for the current table have bee 

processed, the resulting ' a ir_air_pair • tables will hold th 
parametars needed for the Engagement Rasul- Phase. 



TABLE III 

Sounds Fired Determination 



AIR-TO-AIR MISSILES 


1 

GUNS ■ 


Deterministic 


1 

Deterministic only 


<4 Rounds 
Avail . 


>=4 Rounds 
Ava 1 1 . 


RA = Rounds Ava 1 1 . 
MR = Rate-of-Pire ♦ 
Sir Ike-period 


PCONV>=0.5 

Rnds.f=l 


PCONV>=0. 7 
PKSS<=0.7 
Rnds_f =2 




PCONV>=0.5 

AND 

?CONV<=0.7 
Rnds_f = 1 


1 

Rnds.f = 

PCONV * MIN(RA.MR) 


PCONV<»0.5 
Rnds_f =0 

— ■ — f 




■■■■ — -r 

Stochast I c 




PKSS>0,7 
Rnds_f = 

1 If RN<=PC0NV 
0 If RN>PC0NV 


PKSS>0.7 
Rnds_f = 

2 If 2 RN<=PC0NV 
1 If 1RN<=PC0NV 
0 If ORN<=PCONV 
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. Weapon Tiie of Flight 

Following each weapon axpenditurs dsoerninaoion, 
the subroutine TIME_OF_FLIGHT is called to determine rhe 
approxiirate weapon tine of flight. These tines 
used to obtain an average impact tine. The inpac' 
be used to schedule the call to rhe 3ngagens.nt Resulr Phase 
of the aircraft engagsnent prccedure. Appendix A (p,163) 
shows the subroutine flow for Ti:iE_0?_FLIGHT. 

The subroutine TIiIE_0?_?LIGHT uses rhe range 
between the launcher and target tracks, th'= 



the average 


weapon speed 


and a 


target aspect 


rg the approximate weapon 


time cf 


flight . 


Th e ra n g e 


and target 


track s 


peed are acce 



from the ' air_a ir_pair' table for the particular pair. The 

weapon property tables of the NWGS data base provide the 
average speed of each air-to-air missile type and the muzzle 
velocity for gun system. The data base also provides weapon 
aspect a f f scti V sne S3 factors. They are numbers bstween 0.0 
and 1.0 representing the particular weapon's effectiveness 
with restect tc taraet ascect. Taroet aspect is ‘ “ 



.■et ai 



the angle between the target’s flight path vector and the 
line of bearing from the target to the launcher aircraft. 
The data base has previsions for four different factors for 
each weapon type. The factors represent four general 
categories of target aspect. They are: 

• Head-On, 

• Tail- On, 

• Forward-Cuarte r 

• Rear-Quarter. 

The subroutine TIHE_OF_FLIGHT first searches 
through the specified weapon's aspect effectiveness factors 
for the maximum value. It then uses the associated target 
aspect category to calculate the approximate weapon time of 
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flight. Fcr ’:h? Tail-On cass, if th= weapon spesc is incra 
than 1.2 times the target speed, ahen time of flight (?Cr) 
is calculaxed as the range divided by rhs difference between 
target and weapon speeds. For other aspecr categories or 
for the Tail-On aspect case with a slower weapon, TCF is 
initialized as the range divided by rhe sutr. of rhe target 



and weapon speeds. Then if the chosen aspect is 
Rear-Quarter or Forward-Quarter, a delta factor is added to 
the initialized TOP. The delta factor calculation is shown 
in Tquaticn 2.4 The current time of flight model output is 



summarized 



in Table 



IV. 



Delta 



(2 * VT * 



R) / (V:i=^'^2 



VT*=^'2) 



(2.4) 



where VM 



the average weapon speed. 



VT 



the target speed. 



R 



the launcher- to- target, range. 



i'h.en the approx 
is compared with the weapo 
weapon’s rriaximum time of fl 
greater, then the actual 



imate 10? has been calculated, it 
n property table value for this 
ight. If the calculated TOF is 
TOF used is set to the maximum 



value. The resultant weapon TOF fcr each 'a ir_a ir_pair' is 
added tc a tunning tctal cf TOFs for this type of weapon. 



h. Zlectronic Warfare Zffects 

The final evaluation made during the aircraft 
engagement Shoot Phase is performed only when the launcher 
aircraft being processed is part of the attaching strike 
group. The subroutines EW and 0?_C*'l are called to determine 
if any aircraft associated with the target are using elec- 
tronic warfare (EW) measures. In this case, the target 
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TABL-' IV 



Time of Flight Cclculation 



LAUNCH ASPECT 
USED 


TIME OF FLIGHT 
FORMULA 


NOTES 








HEAD-ON 


TOF = RNG/VM+VT 




TAIL-ON 

VM>1.2*VT 


TOF = RNG/VM-VT 


RNG • Launcher Tracij - 
Target 7rac^ Range 


tail-on 

VM<*1.2*VT 


TOF = RNG/VM+VT 


VM - Average «eaDon Soee<3 
vT • Target IrscK Sceed 


FORWARD 

Quarter 


TOF = RNG/VM + VT Delta 

= RNG/VM-VT 


? » VT * 

Della » 

VH»*2 - VT**? 


REAR 

QUARTER 


TOF = RNG/VM+VT + Delta 
= RNG/VM-VT 





aircraf- must be CAP or defsr.ding aircraft. An array of 
status flags is sat that vill be used later in rhe angaga- 
nanr rasulr phas5. The s'" atus array dafir.es the character- 
istics cf the elactrcnic warfare measures. Th<=> subroutine 
EW checks all of the aircraft associa-^ed with the CA? than 
is targeted for active EW supporr. The subroutine CP_Cki 
uses 150 miles as the maximum SW af f acoivenass range. If 
the range between the EW support aircrafr and rhe launcher 
aircraft is lass than 150 miles, the appropriare flags are 
set tc indicate jammer support for the CA? aircraft. appro- 
priate flags in the launcher's subtask data table. Appendix 
A (p.164) shews the flew for the subroutines EW and C?_CM. 

i. Prepare for Engagement Result Phase 

Much of the modeling in the Shoot Phase should 
be considered as preparation fer the Engagement Result 
Phase. Specifically, the baseline PK3S, EW evaluation and 
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the w€c?cn TO? cal ca iar. ions ara ail usad in th=’ nhiri chasa 
cf the air hartls exacuricn. Thasa prepa rator^y avalnarion 
rasuits ara currantiy stored in *ha ' air_air_pair ' iara 
structure . 

The subroutine LI'.IK_?AIR is responsible for 
creating the separata ' air_air_pair ’ tables for pairs firing 
the sane type of weapon. This subroutine averages all cf 
the tines of flight to obtain an a pprcxinati on for the 
wea pcn-targ'=' t inpact tine. That inpact tine is usad to 
schedule the return call to entry point two of the aircraft 
engagement procedure. Appendix k (p.166) shews the flow or 
the subroutine LINK_?AIR. 

The subroutine LOO?_AGAIN is used to recycle the 
original ' air_air_pair ' table in order to process the next 
sat of pairs using a different weapon type. This occurs 
after LIIiK_?AIR has isclated the prior set of pairs for 
separate Engage a ant P.esult evaluation. Launchers that have 
fired 1 aunch-an d-lea ve weapons are schecul'^d for inmeciate 
calls tc entry point three cf the aircraft sneaganent prcce- 
dura. Launch- an d- 1 aava weapons do nor reguir= guide nca frc.- 
the launcher after launch. Therefore, the launchers nay be 
freed for further targeting assignment. Otherwise, the 
launchers will not be freed until after weapon impact and 
com? let i or. of the engagement result phase. Appendix A 
(p.167) shows the flow for the subroutine LCO?_AGAIL’. 

3. Ts. !T o € S he oh c h 2. s ^3 

The Shoot Phase of the cruise missile engagement 
procedure ;120_AC_:1SL evaluates all of the ' air_air_pairs * 
created by the missile '^•argetir.g routine for the subject 
cruise missile strike. The missile target Shoot Phase is 
mora streamlined than the aircraft target Shoot Phase. 
Again, this is primarily due to the single homogeneous track 
cf the cruise missile strike. The basic modeling of tha 

6 3 



raissil'i target Shoot Phase is very similar to that cf the 
aircraf" rarget Sheet Phase. Appendix A (p.iei) and 
Appendix B (p. 205) show the procedure and model iicw for the 
missile targse Shoot Phase. Figure 2.3 shows the missile 




* I 

SUBftOUTIhiCS DISCUSSED IN CHAPTER II 



Figure 2.3 Missile Shoot Phase Subroutines. 

target Shcor Phase subroutine hierarchy. 

The most notable difference in *he modeling is in 
the classification of targets for determining baseline prob- 
abilities. Also, no vectoring assistance evaluation is 
perfermed during the missile target Shoot Phase. The envi- 
ronmental effectiveness factor is evaluated in exactly the 
same manner except that it is accomplished totally within 
the missile targeting procedure. The final calculation of 
PCONV, firing doctrine, weapons expenditure and weapon time 
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cf flighx are precisely the saae. Sinde the cruise missiles 
will never be evaluated as launchers themselves, the avalua- 
ticn cr the CAP support is not performed. Because cf the 
degree cf modeling similarity, the fcllcwir.g process 
description discusses only the differences of the missile 
target Shoot Phase. 

a. Baseline Probabilities Determination 

As in ths aircraft target Shoot Phase, this 

portion cf the missile target Shoot Phase assigns to each 
'air_air_pair' two baseline prcbabiliti as, 'PCONV* and 
•PKSS'. The NWGS data base provides sets of probabilities 

for each launcher aircraft and weapon type combination. 

When the targets are cruise missiles, they are assumed to be 
roughly equal in size. Therefore, the differentiating 
categorical factors used in this model are target speed and 
altitude. There are three speed categories for cruise 

missile targets; less than 500 icnots, 500 - 1200 knots ana 
grea-^er than 1200 knots. There are four altitude categories 
for cruise missile targets: 0 - 5000 feet, 5000 - 20,000 

feet, 20,000 - 50,000 feet, and aocva 50,000 feet. Ths data 
base provides for different 'PCONV* and 'PKSS* values for 
each combination of target speed and altitude categories. 
This results in twelve different baseline probability 
values, for each launcher aircraft and weapon combination, 
a cruise missile tercet. 

As in the aircraft target procedure, default 
values for PCONV and PKSS are provided for the cases when a 
probability set for the selected weapon can not be found. 
These values are initialized in the variable declaration 
section cf the procedure N20_AC_MSL. The default parameter 
names are ' ms l_defau lt_pconv * , * msl_default_pk' , 

' gun_def ault_pconv ' and 'gur._dsfault_pk' . Their values are 
currently set at 3.8, 0.8, 0.4, and 0.4 respectively. 
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t. Final PCCNV Calculati 



The final *?CONV* calculation 



missile tar 


get Shoot Phase 


differs from 


the 


Phase only 


in the omission 


of the vsetor 


ass 


tion. The 


formula used for 


the final ’PCONV 



used by nh= 
aircraft Shoot 
iso a nee evalua- 
calculanion is 



shown in Zguanion 2.5 



PCCJiV = PCVE * FCR ^ LE * EF 



(2.5) 



PCVB = 


baseline 


PCCNV, 


FCR = 


Fire Con' 


trol reliabil 


LR 


Launcher 


Rail reliabi 



ZF = Znvir cnni ant al Wearhsr facnor. 



c. Prepare for Engageoient. Result Phase 

The final output for each execution of the 
missile ~arget Shoot Phase is always a single ' a ir_a ir_ca ir ' 
table. This tabls contains every engagement that is 
currently in progress for that particular air battle. 
Different weapons are not separated out, as in the aircraft 



tar g ^ t 


Shoot Phase. They 


a r s 


all include 


n 


in t h 9 


same 


r a bl € • 


The primary result 


c f 


this modeling 


C 


ifference is 


thar a 


single impact time 


i s 


calculated 


for 


the 


ert ire 



missile strike. 

D. ENGAGEMENT RESULT PHASE 
1 . Overvi e w 

The Air-to-Air Engagement Result Phase commences at 
the second entry point of the procedure M20_AC_AC_2 or 
M20_AC_MSL, depending on the strike composition . The 
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procedure H20_AC_AC_2 is the aircraft srriks sngag-oenr 
procedure and the procedure a20_AC_MSL is -he cruise :nissile 
strike engagement procedure. The Engagement Hesulr Phase 
models the postlaunch factors that contribute to a launched 
weapon's degree of success in killing its assigned targer. 
These factors are used by rhis phase to dst'='rmin= the 
outcome of weapon firings that were executed during the 
Shoot Phase. Both weapon performance and battle damage 



assessment are included in 
Calls to the Engag 
during ohe Shoot Phase bas 
impact time. The engage 
provided in ohe 'air_air_ 
specified impact time, 
performance evaluation ar 
weapon reliability, slectr 
mental weather effects and 
probability of kill for e 
modifying the baseline FKSS 
The m edified 'PKSS' is in 
ability cf targeo destructi 
terminates with the compleo 
The Engagement Re 
strikes and cruise missil 
cemmen subroutines tc assis 
utility functions or admin 
described here. The rel 
accessed by the aircrafn En 
;i26_ACEDA_2, and UPDATE, 
used by the Engagement R 
targets is M30_EW. The 
described were applicable. 

The final resulr o 
the actual outcome of on 



this determination, 
ement Result Phase are scheduled 
ed on the expected w sapen- tar get 
ment pairs to be evaluated are 
pair' table scheduled for that 
Factors included in the weapon 
e weapon guidance reliability, 
cnic counter measures, enviren- 
target aspect effects. The final 
ach engagement is calculated by 
according tc the above fac-ors. 
turn used to evaluate the pr eb- 
on. The Engagement Result Phase 
ion of oattle damage assessment, 
suit Phases for both aircraft 
e strikes access several system 
t in processing. i^any are purely 
istrative in nature and are not 
svant model related subroutines 
gagement Result Phase are !13C_EW, 
The only model related subroutine 
esult Phase for cruise missile 
important aspects of these are 

f the Engagement Result Phase is 
e set of simulated 
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b at tie 



action 3. For each engagencnt pair, tha target piatfcrs 
is dsteritinsd to be destroyed, damaged or totally unaameged. 
Cruise missiles and single engine aircraf-^ targets are 
simply destroyed or net destroyed. Larger aircraft may be 
damaged and consequently accumulate damage over multiple 
engagements. 

2 • Air era ft Ta rgst Engagement Results 

Ihe Engagsmert Result Phase of the aircraft engage- 
ment procedure M20_AC_AC_2 evaluates the outcome of all 
'air_air_pair' engagements with their impact time equal tc 
the current game time. Figure 2.u shews the aircraft 
Engagement Result Phase subroutine hierarchy. Appendix A 
(p.156) and Appendix c (p.201) show the procedure and model 
flow for the aircraft target Engagement Result Phase. Flow 
charted subroutines are listed separately below where 
appl i cable. 

a. Init ialiaatior. and Checks 



Entry point tw 
ment procedure is active 
reaches the average weapon 
Shoot Phase. The partic 
evaluated is identified by 
at th® completion of the Sh 
The Engagement 
control structure to ccmple 
tier for every 'air_air_p 
assessment is executed, 
complete factor evaluation 
each pair. The following t 
tiens of the processing wit 
For each pair 
checks must be performed 



0 of the aircraft taraet sngage- 
ted when the actual game time 
impact time calculated during the 



ular ' air_air_pair ' table tc b® 
the parameter structure created 
cot Phase. 

Result Phase uses a single 
te the weapon performance evalua- 
air ' before the battle damage 
This control loop performs the 
and final 'PKSS' calculation for 
hree subsections contain descrip- 
hin this control structure. 

that is evaluated, tve status 
before processing can continue. 
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* SU8R0UTI^C IS DISCUSSED IN CHAPTER II 



Figure 2.4 Aircraft Engagement Result Phase Subroutines. 

The firsr check determines if there has been an untargecina 
command issued for the subject target. The current engage- 
ment has already besn executed and therefore can not be 
stepped. However, if the particular target aircraft is 
currently targeted by another launcher which has net fired 
yet, then that engagement will be stopped. The evaluation 
of the current weapen continues. The second status ch-ec’< 
cenfirns that the target aircraft has not already been 
destroyed. If the target aircraft still exists, evaluation 
continues. Otherwise, that pair is deleted from the table 
without being processed and the next pair is processed. 
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If the subject engaged pair passes the above 
checks, then several indices are accessed from the 
•air_air_pair' table which identify the target, launcher and 
weapon data structures needed for further evaluation. Also 
initialized is the environmental factor for 'PKSS* evaluated 
during the shoot Phase and the attacking strike group's 
global electronic warfare status, which is discussed in 
subsection (c) . 

h. Launch Aspect and Effectiveness Factor 

This section of the Engagement Result Phase 
determines the target aspect effectiveness factor for the 
engaged weapon. The effectiveness factor is used as a 
multiplicative factor for the final PKSS calculation. 

The weapcn property tables of the NWGS data base 
can provide weapon aspect effectiveness values for each 
weapcn type. These factors represent the particular weap- 
on's effectiveness with respect to target aspect at launch. 
They are the same values used in the subroutine 
TIME__OF_FLIGHT discussed during the aircraft target Shoot 
Phase. The four factors provided represent the general 
categories of target aspect: 

• Head-On, 

• Tail-On, 

• Forward-Quarter 

• Rear-Quarter. 

The Engagement Result Phase provides two 
methods for determining the aspect effectiveness factor to 
be used for each ' air__air_^pair ' . The deterministic or the 
stochastic method will be used depending on the game prepa- 
rator's selection. When the deterministic method is used 
the aspect effectiveness value used is simply the largest. 
The most advantageous value of the four factors given for 
the particular weapon will be used. When the stochastic 
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03sthcd is ussd a rar.dcm comparison valua is creacac by 
summing all four of the weapon aspect factors anc multi- 
plying the total by a Uniform (0,1) random number. The 
resultant random value is then compared first to the head-on 
factor and then compared progressively to the accumulated 
factors until the random value is less than or equal to the 
accumulated sum of the data base factors. When the compar- 
ison is satisfied, the aspect effectiveness factor used is 
the last one added to the cumulative sum. 

c. Electronic Warfare Factors Determination 

This portion of the Engagement Result Phase uses 
the subroutine H30_EW to evaluate the effects of operating 
Electronic Countermeasures (ECH) and Electronic Counter 
Coun termeasures (ECCM) . For this phase, the effects of 
greatest interest are chose which impact on che engaged 
weapon ’FKSS'. The subroutine :130_SW is provided with che 
input parameters weapon type and 'tgc_cm'. It returns two 
effectiveness factors which are used in the final ’FKSS’ 
calculation. The twc factors are 'ecm_eff* and 'eccm_eff. 
The •ecni_eff' parameter is associated with the target 
aircraft and the •eccm_eff‘ parameter is associated with the 
engaged weapon. The effectiveness values are numbers 
between 0.0 and 1.0 and are used as multiplicative factors. 
Appendix A (p. 168) shews the flow fer the subroutine M30_SW. 

Prior tc calling the subroutine y;30_EW, the 
input parameter •tgt_cm’ must be initialized. This variable 
is an array of indicator bits which defines the charact<=ris- 
tics of the ECh associated with the target aircraft. The 
characteristics included are noise jamming, chaff, infra-red 
decoys and electronic decoys. If the target is a member of 
the strike group, then the •tgt_cm' array is set using the 
strike group global ECh status which was initialized at the 
start cf this phase. If the target is a CAP aircraft, then 
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_cm' array 


is 


ser 


according 


to 


“he 


evaluation made 


by the 


subroutines 


zw 


an d 


OP_CH at 


the 




d of tha Shoot 


Fhs, 3 6 • 


It should 


be 


note 


d that the 


oarge c 


in eitheir case 



r.s&d not cpsrazing activs 2CM itsslf. When th== rarg*t is 
a CAP aircraft, 3CH support may be provided by any associ- 
ated aircraft. However, when the target is a strike group 
aircraft, support must be within the same target track. 

The subroutine M30_EW, when called, first deter- 
mines if the target aircraft has SCM support. If it does, 
then the subroutine further evaluates the SCH characteris- 
tics with respect to the operating frequency bands and chaff 
cr decoy usage. The weapon property tables of the NWGS data 
base contain parameters that indicate each weapon's suscep- 
tibility to different types of ECd . These weapon property 
tables also contain a single 'ecm_sff value and a single 
'9ccir._6fi’ value for each weapon type in the NWGS system. 
These parameters are accessed to determine the ECM and ECCH 
effectiveness. If the target is jamming, using chaff or 
using decoys and the weapon is susceptible to any of these, 
then the weapon's 'ecm_eff' factor is set to the data base 
value. Otherwise, the ' ec f f ' factor is set to zero (0) . 
The same sort of evaluation is performed for the weapon's 
ECCM capabilities. If the engaged weapon has ECCil capabili- 
ties agains"': the operating ECU, then the 'eccm_eff' factor 
is set to the data base value. Otherwise, the 'eccm_eff' 
factor is set to zero (0). The values assigned fo '€ca_eif' 
and 'eccm^eff are returned to the Engagement Result Ihase 
of the aircraft engagement procedure for 'FKSS' evaluation. 

d. Probability of Kill Calculation 

This section of the Engagement Result Fhase 
modifies the baseline '?KSS' determined during the Shoot 
Phase. The calculation is performed for each ' air_air_pair ' 
being evaluated. Equation 2.6 shows the model formula. 
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PKS£ 



{?KSS^W5F*GEF=»ASP^ENV) * ( 1 - ( 1 - iccni ) *eco)) 



( 2 . 5 } 



where 



PKSS 




the 


final probability of kill. 


PKSS 


= 


the 


baseline probability of kill. 


WRF 


= 


the 


weapon reliability factor. 


GP.F 




the 


guidance reliability factor. 


ASP 




th 6 


target aspect effectiveness factor. 


ENV 


= 


the 


environmental factor for PKSS, 


scorn 




the 


weapon ECCil effectiveness. 


ecm 


= 


the 


target ECi”! effectiveness. 



One additional evaluation is performed for 
weapons that require postlaunch guidance from the launching 
aircraft. If the launching aircrafr has been destroyed 
prior to the weapon impact time, rhen the PKSS is further 
degraded by a factor of 0.5. Otherwise, r he final ‘PKSS’ 
remains unchanged. 

Finally, for each engagement pair processed, the 
final ’PKSS* is stored with the appropriate ' air_a ir_pa ir ' 
for access by the battle damage assessment subroutine. 



6. Target Damage Assessment 

The final process of the aircraft target 
Engagement Result Phase is the target damage assessment. 
When the weapon performance evaluation for each pair has 
been completed, the aircraft engagement procedure calls the 
level twc battle damage assessment subroutine M26_ACBDA_2 to 
perform the final target damage evaluations. This subrou- 
tine uses the final calculated 'PKSS' for each engaged pair 
to determine if the target aircraft is destroyed or not 
destroyed. If the target is not destroyed, then th<= 
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subrcurin€ M26_ACBDA_2 calls ths subroutine UPDATE to eval- 
uate the level of damage. Appendix A (p,169) and Appendix 3 
(p.202) show the subroutine and model flow for M26_AC3DA_2. 

The subroutine M26_AC3DA_2 execution is 
controlled by a pair of nested loops. The outer loop allows 
processing to continue while there are still engaged pairs 
in the • air_air_ps ir * table. The inner loop processes pairs 
while the same target aircraft is involved. During the 

Targeting Phase, pairs with the same target were kept 

together in the • air_air_p air ' table. For each pair, a 
status check is performed tc insure than the target aircraft 
has not already bean destroyed. If the target szill exists, 
then the aircraft battle damage subroutine begins the 

process that converts the ' PKSS' for each engagemen': pair to 
the cumulative probability of target destruction 'PRC3_DES'. 
First, the standard salvo size for the subject weapon is 
obtained frcm the data base weapon property table. Salvo 
size is defined as the number cf shots that make up a single 
salvo. The PKSS is based on a single salvo firing. Second, 
a cumulative damage weighting factor is initialized based on 
the type of weapon fired. Fcr all air-to-air missiles, the 
'cum_dam' is set to three (3). For all guns, the 'cum_dam' 
is set to one (1). This variable is used to assist in eval- 
uation of accumulated damage when the target is determined 
not tc be destroyed. 

For each * air_air_pair ' with the same target, 
equation 2,7 is used iteratively to determine the cumulative 
probability cf no damage to the target. 

PUD = PND ♦ (1-PKSS) (NS/SS) (2.7) 
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PSD 



the prcb. of no damage by this engagement. 



PKSS 



= the probability of kill for this pair, 

MS = the number of shots fired for this pair, 

SS = the number of shots per salvo. 

When all cf the ' air_air_pairs ' having the same 
target have been processed, the cumulative probability cf no 
damage (END) is examined. If the cumulative FND is equal tc 
1.0, then further processing of that target is bypassed, 
since no damage will occur. In this case, the subroutine’s 
outer loop increments to the next target aircraft for 
eval uaticn . 

If some positive probability or target damage 
(1-PMD) , the final calculation to determine the probability 
cf target destruction '?R0B_DES' is performed as shown in 
Equa tion 2 . 8 



iOS_DZS = (1 - ?ND) * (.8 + .4 *£11) 



( 2 . 8 ) 



where PNC = the cum. probability of no target damage, 

RN = a number between 0.0 and 1.0, which is random 
Uniform if the method is stochastic or a 
default value if the method is deterministic. 



If the value for 'RN' alone is less than the 
final P3CB_DES, then the target aircraft is determined tc be 
destrcyed. Otherwise, the target is not destroyed and must 
be evaluated further for damage. When the aircraft target 
has two or more engines and the 'PR03_DES' to 'RN' ratio is 
greater than 0.5, then the subroutine UPDATE is called to 
evaluate the target damage. If the 'PROB_DSS' to 'RN' ratio 
is less than 0.5, or the target aircraft has only cne 
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engine, "the target is detercained to be undamaged. Appendix 
A (p.173) shows the subroutine flow for UPDATE. 

The subroutine UPDATE is called when the targer 
aircrafr is not destroyed but the PROB_DES is considered 
large enough to warrant damage to its sensors or weapons. 
First, the damage ratio (D3) is set equal to the 
' PROB^DSS* / 'RH ' ratio. At this point, the target's cumula- 
tive damage status is updated according to the variable 
parameter 'cum_dam' initialized earlier. Air-to-air 

missiles where assigned a factor of 3 and guns a factor of 

1. The appropriate value is added to the targ=>t's cumula- 
tive damage status. This sxatus is a running total of the 
damage incurred on the targex aircraft during the current 
flight, including other engagements. At xhis point, if the 
cumulative damage status is greaxer than five (5), the 
subroutine UPDATE determines the targex to be destroyed. In 
this case, control is returned to the aircraft baxtle damage 
assessment subroutine and evaluation of xhe next target 
tegins. 

When the xarget's cumulative damage is less than 
six (6), the subroutine UPDATE continues to evaluate the 
damage to sensors and weapons. The number of sensors and 
weapons camaged is dexermined according to Equation 2.9 and 

2 . 10 . 



nsen_dam = ?D * TNS + 0.5 (truncaxed) (2.9) 

nwep_dam = PD TNK + 0.5 (xruncated) (2.10) 

where nsen^dam = xhe number of sensors damaged, 

nwep_dam = the number of weapons damaged. 
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PD 


= PROB_DES/EN ratio. 




TUS 


= the target aircraft 


sensor capacity. 


TNW 


= the target aircraft 


weapon capacity. 



Th<= subroutine UPDATE usas separate loops to 
step through the target's sensor systaas and weapon sysiams. 
Within each loop, the subroutina codes the operative systems 
as damaged until 'nsen_da!n' and 'nwep_dam' are reached. If 
all of either systam type are damaged, the respective loop 
is exitad. If all sensor systems and all weapon systems are 
damaged, then the subroutine UPDATE again determines that 
the target is destroyed. 

At the completion of the rarget damage evalua- 
tion, control is returned to the battle damage assessment 
subroutine M26_AC3DA_2. Several administrative subroutines 
are then called to perform the necessary record keeping 
tasks. These subroutines are not relevant to the Engagement 
Pesult Phase modeling and are net discussed further. Now, 
if there are more aircraft targets to oe evaluated for this 
impact time, the subroutine's outer control loop initiates 
another target evaluation sequence. Otherwise, control is 
returned to the aircraft target engagement procedure 
ih20_AC_AC_2 and the Engagement Result Phase is complete. 

f. Prepare for Free Launchers Phase 

When all Engagement Results have been evaluated 
for a particular impact time, the Engagement Result Phase 
final action is to fill the parameter structure which is 
used by NWG3 to schedule and call entry point three of the 
aircraft engagement procedure M20_AC_AC_2. Entry point 
three is the Free Launchers Phase of engagement execution. 
This event is scheduled for 15 seconds after the engagement 
result time. 
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• Tar^e^ Snga qanient Hes Jl t.s 

The Engagement Result Phase of the cruise missile 
engagement procedure K20_AC_MSL uses virtually the identical 
methcdolcgy and modeling as the aircraft engagement proce- 
dure M20_AC_AC_2. Except for the one-sidedness of the air 
battle with cruise missiles, a few different variable names 
and a simplified battle damage assessment, the twc proce- 
dures for this phase are indistinguishable. Initial checks, 
launch aspect effectiveness, elsctrcnic warfare effective- 
ness and probability of kill determination are modeled in 
exactly the same manner as the aircraft target routine. The 
only notable modeling difference which needs discussion is 
in the damage assessment area. Figure 2.5 shews the missile 
target Engagement Result Phase subroutine hierarchy. 
Appendix A (p. 188) and Appendix B (p. 206) show the procedure 
and model flow for the missile target Engagement Result 
Phas € . 

The target Imge l§sessment portion of the 
Engagement Result Phase for missile targets is accemplished 
tcrallj within the missile engagement procedure. However, 
the missile target evaluation routine contains a simplified 
version cf the H26_ACBDA_2 subroutine. The methodology is 
the same, but the evaluation is carried out only tc the 
point where the target is determined to be either destroyed 
or not destroyed. The variable for probability cf kill 
'PK_?ROD' is calculated as shown in eguation 2.11 and it 
uses an identical formula fer PND (Equation 2.7) as in the 
aircraft target routine. The '?K_PROD' is evaluated for 
each ' a ir_a ir_?a ir ' even when the same target platform is 
involved. Therefore, any cumulative probability of kill fer 
a given target is not considered for cruise missile targets, 
as it is for aircraft targets. 
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^ SuaPOUTlN€ IS DISCUSSED IN CHAPTER II 
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Figure 2.5 Missile Engagemeat Result Phase Subroutines. 



?K PROP = 1 - PND 



( 2 . 11 ) 



where PND = cumulative probability of no damage to this 
target. 
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number redrawn for each comparison. The reference value 
assioned by the game preparacor is drrferenr from the RN 
reference value used in the aircraft target procedure. Beth 
values are accessed from the ' q_mcdel_ctl ' table. However/ 
the missile engagement reference probability is found under 
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' . r = ference_pirob .sngagemsFit s' , and -he aircraft target 

engageinsr.t 'RN' value is found under '.bda'. In any case, 
for cruise missile targets, if the 'PK_PROD' value is 
greater than or equal to the reference probability, then the 
cruise missile is determined to be destroyed. Otherwise, 
the cruise missile target completely escapes damage and the 
next target * air_air_pair begins processing. 

E. FREE LAUNCHERS PHASE 

For both the H20_AC_AC_2 and the H20_AC_HSL procedures, 
the execution of this phase is identical. For some engage- 
ments, when •'■he weapon involved is a launch-and-lea ve type 
weapon, which requires no guidance information after launch, 
this phase is scheduled immediately at the end of the Shoot 
Phase. In all other cases, it is scheduled following the 
Engagement Result Phase. It is a very simple phase, yet it 
is essential because it allows the launcher aircraft to be 
freed for further targeting assignment. This is accom- 
plished simply, by setting the launcher assignment bit in 
the appropriate launcher platform data table to zero (0) for 
each launcher indicated by the scheduling parameter s-^ruc- 
ture . Cnee this has been accomplished, control is returned 
to the Aircraft or Missile monitor rc'utines in the engage- 
ment control modules and these aircraft are available for 
targeting and other air battles if necessary. The 
' air_air_cair' created by a launch-and-leave weapon engage- 
ment is still evaluated at the appropriate impact time even 
though the launcher aircraft may have been freed. Appendix 
A (p. 159) and Appendix B (p. 203) show the Free Launchers 
Phase flew for the aircraft target routines. Appendix A 
(p.193) and Appendix B (p. 207) show the corresponding flow 
for the cruise missile target routines. 
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III. ExaioaTiON 



A. OVERVIEW 



This chapter provides qualitative comnientary concerning 
the suitability and reasonabiliry of rhe HWGS air-tc-air 
engagement models described in Chapter II. From an opera- 
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the model user attempts to fill rhe dara base with the 
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required values, the parameter definitions may become diffi- 
culc to represent. 

The availability of appropriate data for the para- 
meter structure of a data based model is a critical issue. 
The model builder must always be concerned with the exis- 
tence of representative data for the parameters defined, 
whether or not it is the model builder's responsibility to 
provide those values. Appropriate data can be obtained from 
actual performance or test evaluations. Fleet operational 
evaluations, intelligence publications or from other 
ccmmcnly accepted models and simulations. In any case, the 
information required must be either directly available or 
obtainable through derivation. 

The system contractor for NWGS, Computer Sciences 
Corporation, was required to provide only the data base 
structure and parameter definitions with their models. The 
data base values, seme of which are classified, are to be 
provided by the U. S. Navy. The problem of arbitrary para- 
meter definitions and the subsequent difficulty of parameter 
representation in the data base have become significant 
problems for the Canter for War Gaming in the installation 
of NWGS. 

Throughout this evaluation, an emphasis is placed on 
the availability of data for the defined parameters. The 
actual parameter values to be provided by the classified 
data bass are not included in this study. However, the NWGS 
air-to-air models are so dependent on their data base 
values, that an effort is made throughout the evaluation to 
provide clear parameter definitions for use by the NWGS Data 
Ease Manager. 

2- Eva lua tion Aocr oach 

The organization of this evaluation is based on the 
three major engagement phases of the NWGS air-to-air 
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engagement routines. They are the Targeting Phase, th- 
Shoot Phase and the Engagement Resulr Phase. It should be 
undersxocd however, that the underlying structure of the 
evaluation is founded in the reality of air-to-air engage- 
ments. The implication is that cerxain minimum sequential 
components of air-to-air engagements must be considered by 
any model that intends to describe that warfare environment. 
There are five major components that must be accounted for, 
regardless of the model’s level of detail. They are; 

•Detection evaluation, 

•Targeting/Weapon Assignment evaluation, 

•Conversion to Firing Position, 

•Shoot Determination, 

•Engagement Outcome. 

Operators and analysts alike would agree that these provide 
a minimum structure for modeling the air-to-air arena. Any 
particular model should also be able to distinguish between 
the long range type of engagement and the short range and/or 
dog fight type of air-to-air engagement. 

Each of the five components above includes several 
subcomponents which should be considered by the model in 
some appropriate way during the major component analysis. 
The level of detail required in the model is generally 
dictated by the detail implied by the model inputs. More 
importantly, the level of detail snould be determined by the 
detail of the outputs that the model user requires to make 
decisions. This required level of detail in turn dictates 
the degree of subcomponent aggregation that is allowable. 
These subcomponents are identified and discussed further 
within the applicable evaluation sections. 

The NWGS approach to air-to-air engagement modeling 
is quite different than the sequential component structure 
discussed above. No detection evaluation is performed once 
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the strike group has been derected by the defending force. 
The Targeting Phase perforins an optimized assignment of 
launcher, weapon and targer combinations while assuming that 
all targets are detected by all eligible launcher aircrafx. 
These assignments are made when a target is within a weapon 
maximum effective range. The Shoot Phase then performs 
several different evaluations for each targeting assignment 
to determine which engagements are actually executed. This 
phase must account for all factors involved in the engage- 
ment scenario that contribute to rhe launcher's ability to 
launch a specific weapon. There is no time delay between 
the Targeting Phase and the Shocr Phase. This means rhat 
the evaluation of the Conversion to Firing Position is 
conducted after the fact. The original targeting assign- 
ments are made at the desired weapon firing position. when 
the weapon launches have been executed, the Engagement 
Result Phase deterirines the outcome by evaluating the 
facrcrs which contribute no the weapon performance and 
subsegusnr target damage. 

The discussions contained in this chapter relare the 
five major components of generalized air-to-air engagements 
to the three modeling phases of the NWGS air-to-air engage- 
menr routines. The procedure descriptions in Chapter II 
demonstrate the significanr commonality of the aircraft 
target and cruise missile targer routines. Therefore, the 
following discussions do not generally separate the evalua- 
tion of different target types. However, the important 
modeling aspects related specifically to different target 
types are pointed out in the appropriate sections. 

E. N«GS TARGETING PHASE E?ALOATION 

Since “he Targeting Phase is the first phase of the NWGS 
air-to-air engagement routines, it must satisfy the minimum 

8 1 



modeling reguirement of the initial components of the gener- 
alinad air-no-air engagement. The components that should be 
considered during this phase are the Detection evaluation 
and the Weapons Assignment evaluation. 

In an aggregate model where only the numbers of 
launchers and targets are used, factors that effect indi- 
vidual target detection ranges can be consumed into a single 
factor. For models using more detail, where individual 
platform versus platform engagements are represented, it is 
important to account for the subcomponents of the Detection 
and Targeting evaluations individually. 

Important subcomponents that should be considered during 
the Detection evaluation component are: 

• Jamming (both self screening and stand-off) , 

• Target Density for Sadar Resolution, 

• Radar Target Size, 

• Weather Factors. 

If a target has jamming support, this will have a great 
impact on tho actual target detection range. A launcher may 
be unable to detect a jammer screened target until well 
inside its maximum effective weapon range. The air strike 
density will also have significant impact on long range 
radar resolution of individual targets. For example, in a 
realistic long range scenario, a weapon may initially be 
assigned to a single radar track which may actually be 
composed of multiple platforms. These individual platforms 
will not be resolvable until a shorter range. The target 
size and weather also directly influence the radar's ability 
to detect the target. In the short range cases, the most 
important factor becomes First Radar or Visual Detection and 
Jamming becomes much less critical. 

Subcomponents that contribute to the Targeting evalua- 
tion in both the short and the long range cases are: 
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• Eules of Engagement Snatus, 

• Potential Launcher Weapon Compliment, 

• Launcher Target Range. 

The impcrtant point to be made here is that targeting of 
individual target platforms cannot and should not be 
performed until the individual targets are detectable. When 
multiple targets are detected as a single radar track, only 
the single radar track should be targeted. 

The NWGS Targeting Phase ,for both aircraft. and cruise 
missile targets, dees not follow the sequential component 
approach of the generalized air-to-air engagaaent mcdel. 
Detection information including jamming analysis, target 
density, target size and weather are not evaluated at all 
during this phase. The significant effects of intercept 
geometry cn the weapon maximum range capaoility are also not 
considerad curing this phase. 

The Targeting Phase is initiated when the strike group 
as a whole is detected, but targeting assignments ar'^ not 
made until the launcher-to-target range is within a launcher 
weapon’s maximum effective range. When the Targeting Phase 
is initiated it begins immediately performing the targeting 
process. First, it evaluates the rules-of-'^ngagement status 
for all potential launchers. Then the NWGS Targeting Phase 
performs ar. idealized weapon assignment process which 
creates specific la uncher- weapon and target combinations. 
These targeting assignments are based solely on the 
launcher-tc-target range and altitude differential with 
respect to the specific weapon capabilities. 

Idealized targeting refers to the NWGS effort to opti- 
mize the plat form-to-p latform weapon assignments. 
Throughout the targeting process, the general assumption is 
that all target platforms are identified and resolvable, 
even with respect to their missions. Targeting limits 
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calculated during this phase ccntrol the number of launchers 
assigned tc a single mission track and prevent ever 
targeting of individual target platforms. The process is 
purely deterministic and the resulr is a perfect and all 
knowing launcher allocation for rhe given range separation. 

The NWG3 Targeting Phase is not a one-time operation. 
It is execunsd repeatedly as the ranges between launchers 
and targets close. There is only one special provision 
during the Targeting Phase to distinguish the short range 
air batole from the Icng range engagement. Whan a launcher 
has mulriple aerial guns on board, more chan one target ray 
be assigned to that launcher aircraft. That exnra provision 
affects primarily large bomber aircraft with multiple gun 
systems for defense. Otherwise, close range targeting 
assignments are performed in the same manner as the long 
range assignments. 

It appears rhat the NWGS approach to the modeling of the 
air-to-air engagement arena is based on the following 
conceptual sequence. The Targeting Phase will first create 
the idealized, all knowing launcher-target allocaticn. Then 
the Sheet Phase, in an effort to account for all of the 
aspects of realism, will perform the appropriate evalua- 
tions. These evaluations then totally determine the deci- 
sion to actually execute each engagemen-^. This apprcach is 
contrary to a realistic or expected sequencing of events. 
In the final analysis, if the model output should happen to 
be reasonable, it will be exrremsly difficult to explain in 
realistic terms, how the model produced those results. 

The following subsections provide discussion of specific 
areas cf interest in the existing Targeting Phase modeling. 
Although the NWGS approach is not considered desireable, 
most of the suggested solutions below are discussed in terms 
cf impreving the existing model. 
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• /i sapo ns Free Che ck 

The rules-of-engagement evaluation for both aircraft 
and cruise missile targets is performed, as it should be, 
early in the Targeting Phase. Neither model allows a 
launcher to be assigned a target without a weapons-free 
status. Since the actual targeting assignments are created 
at the proposed weapon launch point, the weapons- free status 
check irust be performed at that time. Models that simulate 
the conversion process from a long range detection to the 
weapon firing position, may evaluate the weapons-free status 
at the completion of the conversion, long after the initial 
weapon selection is made. A weapon-tight status should not 
preclude the sxecuticn of a conversion if the conversion is 
desired. In reality, the appropriate time for a rules-of- 
engagement check is prior to the shoot decision. It is 
important that during game play, the player is forced to be 
aware of the weapons-free status. 

2 . Ein£S, term inat ion 

The subroutine M3 O-PBOXIMITY is called by the 
Targeting Phase to determine the ranges that are used for 
later evaluations. This subroutine calculates the great- 
circle range between tracks. The great-circle ranging 
method yields the distance along the surface of the earth. 
It dees net take the track altitudes into account. Altitudi 
differential will have a significant effect on the range 
determinaticn. In the air-to-air targeting environment, 
ranges are short enough so that the slant-range method will 
provide much better information. Tae slant-range, or the 
line of sight range, method should be used during this phase 
to calculate the range between launchers and targets, 
during the Targeting Phase evaluation. 
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• ill £ sion L=IDj:“ = 

Ih€ Targeting Phase uses mission weighting factors 
and target propcrticn ratios to determine the targeting 
limit "maz". The "max" value conrrols the number of 
launchers assigned to a particular track of targets. Th« 
targeting limits "max", "wpn_limit" and "mt_limit" all 
assist in targeting optimization. The use of mission 
weighting factors implies launcher knowledge of each target 
mission. Such emphasis on the target mission importance is 
a reasonable approach when the air-to-air engagamenns reach 
-he visual detection or short range arena. In that environ- 
ment, the launcher can pick its target through visual iden- 
tification. However, in the classic long range scenario, it 
is doubtful that such mission knowledge would be available 
during target assignment. For this reason, the mission 
weighting factors should only be used by the Targeting Phase 
when the la uncher-to-targst range is less than some reason- 
able visual range, say eight miles. If any target weighting 
is tc be performed at long range, it should really be based 



on radar 


return size 


cr 


passive sensor information. 


The u, 


of the 


targeting li 


mits 


"wpn_ limit", "mt_limit" 


and "ma 


without 


the mission 




ighting factor are very 


effect i 


controls 


for perform 


ing 


the optimized target alloca 


tion . 



4 . Alt it ude D if iere^i al and Weaoon Pa rame ters 

The Targeting Phase uses the altitude differential 
between launcher and target tracks to evaluate the selected 
weapcn's lock-up and look-down limitations. The actual 
weapon Icok-up and Icck-down limitations for most air-to-air 
weapons are expressed in terms of degrees. There is no 
meaningful way to define these limits in terras of altitude 
differential as this model doss. These angular limitations 
of interest here are given relative tc the horizon. A 
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simple calculation using the slant rangs and altitud? 
differential betwean launcher and target can be mads tc 
determine the appropriate value. Figure 3.1 illustratas the 
problam. If the angular limitation of interest were radar 
or weapon gimbal limitations, then calculations would have 
to evaluate the angle ralative to the aircraft center line. 
The information required to perform that calculation can not 
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Figure 3.1 Weapon Look-Op/Look-Down Determination. 
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the weapon's lock-up and lock-down limits, besides using 
altitude differential, also has a logical error in the ?L/I 
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coding. The error exists in both th<^ aircrair and !ni-3ila 
target procedures and is repeated wherever this evaluation 
is performed. The altitude differential will always be a 
negative value when the target is higher than the launcher. 
If the data base Icck-up limit value is positive, the 
Icok-up limit will always be satisfied. If the data base 
value is negative, then the look-u? limit will only be 
satisfied when there is actually an excessive look-up. 

There is alsc some question as to the necessity of 
this evaluation considering the level of detail provided by 
this model. The check is certainly appropriate for the 
longer range engagements. However, for the close rang° 
engagements where the dynamic launcher positioning is not 
actually modeled, the Targeting Phase should assume that 
these limitations are accounted for through the launcher 
pcsit ioning. Therefore, the appropriate model should use 

degrees of launcher Icok-up or look-down for long range 
targeting and then step using the limitations when the range 
closes tc less than five miles. 



5. Jam min g Evaluation 

Several factors have been mentioned which are 
subcomponents cf the Detection component of the generalized 
air-tc-air engagement. The most significant of these is 
probably the jamming effect on detection ranges and the 
resultant effect on first weapon launch oppertunities. This 
model would appear much more realistic if the consideration 
cf jammer effects cn detection ranges were added. The 
Subroutine M30_EW currently performs an evaluation cf weapon 
susce ptibility to ECM during the Engagement Result Phase. 
Such an evaluation should be performed during the Targeting 
Phase in terms of the fire control radar susceptibility. 
Once the susce pt ibilit y evaluation is completed, the 
following simple method could be used tc apply limited 
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jcininir.c effaces to the model. A target, supported by jamming 
within its own track could be treated as a self screened 
target and a target supported by a jammer in another track 
could be treated as a target screened by a stand-off jammer. 
Any number and variety or degradation factors could be used. 
It is important that the effects on the specific radar 
detection range are represented and then the subsequent 
effect cn weapon launch range. This will insure that in the 
short range case, jamming will not be as effective as in 
the longer range engagements. Arriving at appropriate 
detection range limits will require additional analysis, but 
this addition alone could significantly improve the 
Targeting Phase realism. 

6 • ^?ul ti- T a rg et ir.o 

The Targeting Phase represents the multi-targeting 
capability of certain weapons very well. It requires th® 
multi-targeting weapon type to be selected and already 
assigne-d to one target before the capability can be used. 
The mcdel is also no-*- permitted to target the same target as 
the launcher's first weapon. 

There is an additicnal factor which should be 
considered in determining the application the multi- 
targeting capability. For today's multi- targeting weapons, 
the operating mode of the weapon's fire control system i.e 
very significant. The fire control system must also be 
operating in a multi-targeting mode. Environments, such as 
those with heavy jamming may prescribe the use cf singly 
targeted weapons even when the weapon type has a multi- 
targeting capability. With the inclusion of the jamming 
evaluation suggested above in subsection (5), it would be 
relatively easy to influence the execution of the multi- 
targeting phase in such cases. 
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• Suimnar V 

The NWGS Targs'ting Phase perforras the idealized 
targeting assignments in a very effective and well 
controlled manner. With the exception of the coding error 
in the altitude differential check, the routine performs as 
expected. However, as suggested throughout the discussions 
above, the NWGS approach to modeling the Targeting Phase is 
net realistic in its sequencing nor is it likely to produce 
reasonable results for further evaluation. It appears that 
the model is designed so that the Shoot Phase evaluation 
must account for all of the various affects of realism. It 
seems that some of these effects must be incorporated in the 
Targeting Phase in order to create some realism. 

C. NHGS SflCOT PHASE EVALDATION 

Eased on the generalized component structure of 
air-tc-air engagements, the NWGS Shoot Phase should encem- 
pass heth the Conversion and Shoot component evaluations. 
The Conversion component represents the manauver ing of the 
launcher aircraft from the initial target detection position 
tc the ultimate weapon launch position. The Shoot component 
represents -^he final evaluation of the attained launch posi- 
tion, the. decision to execute the weapon launch and the 
subsequent launch success or failure. The final launch 

position evaluation is performed in terms of the envelope of 
the selected weapon. 

In a highly aggregated model, the number and types of 
weapons fired may be the only desired output. In that case, 
the many factors contributing to the Conversion and Shoot 
component evaluation may be generalized into a few overall 
effectiveness factors. However, when the required level of 
detail is such that individual intercepts and specifred 
launcher-target pairings are created, the contributing 

factors must be more precisely considered. 
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There are several importan- contributing factors rha- 
influence the Conversion to Firing Position coffpcn-nt fo: 
individual engagenents. For long range engagemenrs , rh- 
following factors should be considered. 
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coeratior. for this phase must accour^t for all of the 
contributing factors ir.vclvei in air-to-air engagement from 
initial target datecticn through trigger squeeze. The Sheet 
Phase is provided with the table of idealized targeting 
assignments created by the Targeting Phase. Each of these 
launcher-target pairs have already closed rc firing range 
and are waiting only for the decision to execute. This 
phase must censider the realistic aspects of the conversion 
that would have had tc take place in order for the launcher 
to arrive at the current launcher position. Then, if the 
model determines that the conversion had a high prebabiliny 
of being successful, the decision to shoot is made. 
Otherwise, a successful conversion is considered to be 



unlikely and the particular engagement is cancelled. 

The basis used by NwGS during one Shoot Phase tc deter- 
mine the likelihood cf a successful conversion is the evalu- 



ation of the Probabilioy of Conversion *?COMV'. This 

evaluation combines seme of the factors of both the 
Conversicn cempenent and the Shoot component of the general- 
ized air-tc-air engagement. The factors that are included 
in the NWGS Sheet Phase mcdsl are weather, vector assis- 
tance, target speed, altitude and size, firing doctrine, 
weapon system reliability, launcher reliability and the 
specific launcher aircraft and weapon ccmbinaticn. It als'^ 
appears that the NWGS model design for this phase may try zo 
account for some cf the initial target detection limita- 
tions. The NWGS approach to modeling these factors is 
discussed in detail later. Two critical subcomponents 
missing irem the above list are the intercept geometry at 
the star-^ cf the conversion and the range available to 
accomplish the conversion. The impact cf these emissions 
are also discussed later. 

The Shoot Phase, like the Targeting Phase, is not a 
cne-time execution. It is repeatedly activated as long as 
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incorperatsd in the Targating Phasa. 



1 . Ec s ali ne Pro babilit y of Conversion (12^21X1) 

The NWGS data base provides tha capability to main- 
tain a table of baseline *PCONV values for each launchar 
aircraft type and specific weapon combination. Each tabla 
may contain several different values referenced by the 
specific target clas sif icat icn parameters. Aircraft targets 
are classified into two speed categories and three size 
categories resulting in six possible 'PCONV* values. Cruise 
missile targets are classified into three speed categories 
and four altitude categories resulting in twelve possible 
'PCONV values. 

This classification approach provides tremendous 
flexibility to the model and should allow the user to 
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observe *he effects of various target types or. th= er.gage- 
inent cutcone. A major difficulty arises when one atte.upts 
to determine the representative values for these data base 
para meters. 



The baseline ’PCONV parameter is net clearly 
defined for the Data Ease Manager. It is absolutely neces- 
sary that an adequate definition be used as the analytical 
basis for this measure of effectiveness. Otherwise, there 
is no hope of obtaining reasonable engagement outcomes. The 
rrent data base values are completely arbitrary and are 
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provi ded . 

Each baseline 'PCOMV* value appears to repress: 
expected probability that the launcher aircraft detects a 
target of the specified type and maneuvers to a satisfactory 
launch position for the selected weapon. The expectanion 
should be taken over all possible range separations for rh-^ 
sub jeer conversion. The analytical basis for the denection 
porricn of nhis probability could be the cumulative prob- 
aoility of detection for the specific target type from the 
radar system maximum range to the selected weapon maximu.m 
effective range. With these definitions, the ability to 
determine reasonable approximations for the 'PCCMV' para- 
meter values seems more feasible. Significant analysis and 
the application of a detailed micro level research simul 
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ticn will undoubtedly be required. If such an analysis were 
accomplishe G, the baseline 'PCONV* values should account for 
the following factors: 



• Launch .Aircraft Performance, 

• selected weapon Launch Point, 

• Target Size, Speed and Altitude (cruise missile 
only) , 

• Average Ranee for Conversion, 
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» Accumulated Probability of Deuecrior at Launch 
Point . 

Such baseline ' PCOIJV ' values would apply equally to lone and 
short range engagements. 

This discussion is aimed an providing means for 
obtaining reasonable results from the existing air-rc-air 
engagement nodel. The suitability of using this type of 
aggregate factor modeling in conjuction with individual 
platform engagement modeling is discussed later in the Shoot 
Phase summary. 

2* FCCNV Mo di f i oat i on F acto rs 

The methodolcgy of calculating total probabilities 
by multiplying sequences of conditional probabilities is a 
classical and commonly accepted modeling technique. 
Assuming that the baseline 'PCONV* parameter values are 
reasonable, the application of additional effectiveness 
parameters to calculate total probability should also be 
reasonable. It is important to heap in mind that this 
'PCOPV evaluation is performed at the proposed launch point 
which, in reality, is after the actual conversion would have 
taken place. The MSGS Shoot Phase evaluates the following 
fac tors : 

• Launcher Weapon System Peiiability, 

• Launcher P.ail Peiiability, 

• Vector Assistance Availability, 

• Weather Factor for Conversion. 

Additional factors that contribute to the total conversion 
success probability that could also be evaluated are: 

• ECM/SCCM, 

• Initial Intercept Geometry (target aspect) , 



95 



• R<=iativ€ Launcher-targez maneuverability (ahor" 
range engagements) . 

Most of the NWGS Sheet Phase factors are accessed as data 
bass parameter values. Therefore, the following discussions 
focus on the availability of the required data. The appro- 
priateness of specific factors and the model's approach to 
their evaluation are also discussed where applicable, 

a. Reliability Factors 

The Shoot Phase 'PCONV evaluation uses two 
reliability factors both of which are associated with the 
specific weapon system in use. The aircraft and cruis<= 
missile Sheet Phase models both use these factors. They 
ar e : 

• Weapon System Fire Control Reliability, 

• Weapon System Launcher Reliability. 

The fire control parameter represents the probability that 
the cnbcarc weapon system support requirements for the 
selected weapon will be met. The launcher reliability 
represents the probability that the weapon will successfully 
launch, given the weapon launch command. Both of these 
parameters are accessed from the specific weapon system 
property table. Therefore, the values are related to the 
selected weapon and not to the launcher aircraft. This 
means that tne same weapon type launched from different 
launcher aircraft types will have the same reliability 
values. In reality the fire control reliability would be 
significantly effected by the launcher aircraft type as 
well. It appears that this launch aircraft related factor 
may be accounted for later during the Engagement Result 
Phas € . 
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• Relative Launch&r-targar maneu verabilix y (shor* 

rangs sngagemar.xs) . 

Most of the N'vJGS Sheet Phasa factors ara accessed as data 
bass parameter values. Therefore, xhe following discussions 
focus on the availability of the required data. The appro- 
priateness of specific factors and xhe model's approach to 
their evaluation are also discussed whars applicable. 

a. Raliabilixy Factors 



The Shoot Phase 'PCONV evaluation uses two 
reliability factors both of which ara associated with xhe 
specific weapon system in use. The aircraft and cruise 
missile Sheex Phase models both use these factors. They 
are : 



• Weapon System Fire Control Reliability, 

» Weapon System Launcher Reliability. 

The fire ccnxrol parameter represents the probability xhax 
the onboard weapon system support requirements for the 
selected weapon will be met. The launch ar reliabilixy 
represents the probabilixy thax the weapon will successfully 
launch, given the weapon launch command. Both of these 
parameters are accessed from xhe specific weapon sysxem 
property xabls. Therefore, the values are related xo the 
selected weapon and not to xhe launcher aircraft. This 
means xhat xne same weaoon tvee launched from different 
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:ypes will have the same reliability 
values. In realixy the fire conxrol reliability would be 



significantly effected by the launcher aircraft 
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well. It appears that this launch aircraft related factor 
may be accounted for later during the Engageme-nx Result 
Phas 6 . 
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Nothing is gainsd by having two separata reli- 
ability paramet^ers except seme flexibility in the data base. 
One cverall reliability parameter at this point in the model 
would suffice. In fact, the values could be included in the 
baseline 'tCCNV' tables without affecting the model. Of all 
the parameters used during the Shoot Phase, these are the 
only hardware related values. For that reason, the avail- 
ability cf data to describe these parameters should not be a 
probl 6m. 

b. Vector Assistance 



The vector assistance evaluation is performed 
only during the aircraft target Shoot Phase when the 
launcher aircraft is designated as a defending aircraft or 
CAP. For these launchers, there are two possible vector 
assistance factors that nay be used to modify the 'PCQNV 
value. Ground Control Intercept (GCI) assistance alcne 
enhances the ’FCONV’ by a factor cf 1.1. Airborne Early 
Warning (AEW) assistance alone or with GCI enhances the 
•FCONV’ by a factor cf 1.2. Otherwise, there is no vector 
assistance factor applied. These are the only Sheet Fhass 
parameters not provided by the data base. They are set 
within the computer program code. 



The NWGS dccument atior. gives no justification 
for net providing the same vector assistance evaluation for 
an attacking aircraft strike group. It is certainly 
feasible that in some scenarios, a strike group might have 
vectoring assistance support. There is also no reason why 
the missile target Sheet Phase should not include vectoring 
assistance for the defending aircraft. 
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'PCONV. Th= dsgrss of or.hanc'saeat is the gussfior. ani 
again, a d'sx.ailsd analysis ir.ay provide nioro represant a~,iv- 
valuss. Thors is also a possibility than the degree of 
snhanc93\3n-^ is largely determined by -he launcher aircrafr 
and its own radar control capability. 

c. weather Factor 

The Shoot Phase wearher factor evaluation is 
perfcraec for both aircraft and missile s-rike groups. The 
subroutine WEATH E5_F ACTOR evaluates the current game leather 
conditions and deter sines the factors -hat mos- effect the 
Conversion to Firing Position and the weapon performance. 
Eased on these determinations, the subroutine returns an 
effectiveness factor for each. The subroutine use of 
precipitation and cloud density is very effective and P--P” 
erly analyzes the factors that have the greatest effect on 
'PCONV and weapon performance. The weather effects for 
'?CO!JV are related to the specific weapon system. The 

weapon syst<=m, in this case, is independent of the launch 
aircraft. Again, the sensitivity question arises when 

trying to determine the actual effectiveness values for 
given weather conditions. Data for such an analysis will 
most likely have to be simulated. The current temporary 
values are strictly subjective. 

d. ZC:i/ECCM Effects 

Electronic Counter Measures (ECM) and 

Electronic-Counter Counter Measures (ECCM) come into play 
during two components of the generalized air-to-air engage- 
ment. The Detection component and the Engagement Outcome 
component are affected in different ways by SCM/ECCM and 
both should be accounted for in some way. In the Detection 
component, ECM affects primarily the radar detection ranges 
and thereby may limit some weapon launch ranges. In the 
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Engageai’er.-t Ou teems componerit ECM and ECCil cagatil:.- iss 
affect primarily the weapon performance. Separate evalua- 
tion are required to fully account for Ecn and ECCM effects. 

Jamming effects and implications fer the 
Cstection component were discusad in the NWGS Targeting 
Phase evaluation where it logically should be approached. 
However, assuming that no changes are made to the Targeting 
Phase model, ECh and ECCM effects can and must be accounted 
for during the Shoot Phase in order to realistically influ- 
ence the decision to shoot. In the Targeting Phase, appli- 
cation cf jamming effects cculd simply limit the weapon- 
targeting range. In the Shoot Phase, for the longer range 
engagements, ECM and ECCM effectiveness parameters may be 
used tc degrade the 'PCONV parameter. The short range 
engagement 'PCONV should be unaffected by jamming. 

The ECM and ECCM effectiveness parameters 
currently available in the NWGS data base apply to specific 
weapen performance. Therefore, a different parameter must 
be provided to represent the effectiveness of specific 
radar/fire control systems with respect to 'PCONV* under 
jamming conditions. Reasonable representations of ECM/ECCM 
effects cn 'PCONV' will be much more difficult to derive 
than their effects on radar detection range. It will most 
certainly require a detailed simulation analysis designed 
for the specific purpose of determining ECM/ECCM effective- 
ness values for the 'PCONV evaluation. 

e. Intercept and Engagement Geometry 

The geometry of an air-to-air engagement comes 
into clay during two components of the generalized 
air-tc-air engagement. The Conversion component and the 
Engagement Outcome component are both affected in different 
ways by he situation geometry and both should be accounted 
for at this NWGS level of detail. In the Conversicn 
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coapcn'rn + , the initial intercept gecmatry defined by narger 
aspect angle, altitude differential, range to launch posi- 
tion and relative speeds all significantly affect nhe 
launcher’s ability tc successfully complete the conversicn. 
In the Engagement Outcome component, the target aspect at 
weapcn inxercspt time effects the weapon performance. These 
two areas should be accounted for separarsly. Neirhsr the 
Targeting Phase nor the Shoot Phase evaluate initial inter- 
cepr geometry. The apparent assumption made is than the 
baseline ’PCONV' values, which account for the launcher type 
and the target descriptive parameters, will adeguanely 
represent all possible cases of initial geometry. Again, 
the KWGS models are using techniques typically used for 
aggregate macro level models, yet attempting to provide 
micro level detail. 

Since the first NWGS rarget evaluations occur 
within weapon launch range, any application of initial 
intercept geometry would require rremendous model revision. 
An alternative approach is to perform a target aspecr evaiu- 
arion during the Shoot Phase in order to influence the deci- 
sion to shoot. All of the necessary parameter values for 
such an evaluaticn are currently available in the data bass 
gams track tables. For the longer range engagements, the 
most realistic approach is tc adjust the weapcn maximum 
effective range based cn the target aspect evaluation. Then 
an explicit shoot/nc shoot decision can be made based on 
than range and the weapon's target aspect cut off limits. 
It would be sufficient fcr this model to use the four 
general target aspect categories rather than exact measure- 
ments. This improvement would require the addition of these 
weapcn specific parameters to the data base. The data fcr 
derivation of these values would be fairly accessable. 
Another alternative for this model, is to use the target 
aspect ef f sctivsness factor for the specific weapon as a 



100 



moiif icaiicn factor for the 'FCONV. Such paramerars are 
provided fcr in the data base under weapon prcperries. 
However, the availability cf data to derive reasonabls 
reor esentat icn fcr these values is uncertain. The latter 
alternative would also aggravate the already serious arbi- 
trary parainetsrizat icn problem. 

f. Maneuverability Effects 

In the short range visual arena it wculd be 
extremely difficult to model the maneuvering dynamics of 
close in air-tc-air combat. For this reason, the FCOMV 

determination fcr shcrt range engagements should be based on 
a comparison of the relative launcher-target maneuverabili- 
ties and the impact cf First Detection. 

^ • r ir ir.q D cctr ire 

The NWGS Sheet Phase determines the firing doctrine 
for air-tc-air missiles (AAM) based cn the particular vaap- 
en’s tassline single shot probability of kill ('PKSSM and 
the number cf that missile typ® on board the launcher. The 
baseline 'PKSS' values are provided by the data base for 
specified launcher- weapon and target combination. Th«^ 
•PKSS' repr‘=‘sents the probability that the AAM launched from 
•^he specific launcher type will destroy a target of the 
specified type, assuming that it guides and fuses properly. 
The ’PKSS’ values are discussed in greater detail in the 
Engagement Result Phase evaluation. 

There are twe firing doctrines, shoot -look-shoct (1) 
and shoot- s hoot- look (2). The shoot-look-shoot doctrine is 
always used for AAMs unless the missile 'PKSS' is l<^ss than 
0.7 and there are at least four of that missile rype on 
board the launcher aircraft. This determination is very 
straight forward. Its accuracy depends primarily cn the 
baseline 'PKSS' values. In reality, CAP aircraft will very 
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rarely use ary fire doctrine ether than shoot-lcok-shocn. 
This firing doctrine determination is used only as a oara- 
meter for *he actual weapon expenditure determination for 
AAH. 



^ • <^ea pcn Expenditure 



The Shoot Phase uses the firing doctrine and the 
final 'PCONV value to determine the actual number of rounds 
fired for Af.Ms. When aerial guns are used only the final 
•PCONV value is considered in determining the number of 
rounds fired. The evaluation method may be stochastic or 
deterministic for AAEs. This is the only portion of the 



Shoot Phase that offers a stochastic determination. 
Onherwise the enrira Shoot Phase is a deterministic process. 

The methodology of the stochastic AAM evaluation 
uses the classic Konte Carlo approach for each round of the 
firing doctrine. The d eta rministic method for AAMs simply 
compares the 'PCONV to reference prebabilioias and deletas 
all engagements with final ' FCOMV values less than 0.5. 



This is a very imperrant consideration for the Data Base 
Kanager when deriving oha numerous baseline 'PCONV' values 
and modification factors. Assuming rhat the final 'PCONV 
values are reasonable representations of reality, this final 
Shoot Phase decision should yield reasonable resulrs. It 
should be clear now, how dependant ohe enrire air bantls 
cutceme is on the Sheet Phase evaluation of 'PCONV. 

The rounds fired denerminaxion for aerial guns is 
always de‘*‘ erminist ic . The 'PCONV value is used as a multi- 
plicative factor. The maximum number of rounds that the 
launcher can fire during the engagement is modifred by the 
'PCONV value. The result is that the launcher fires seme 
percentage of its bullet load. 

An alternate approach to the aerial gun evaluation 
will simplify this portion of the Shoot Phase model and in 
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•^.urn, maks the rounds fired determination for guns more 
realistic. Most aerial gun systems fire a standard number 
of rounds for each trigger squeeze, resulting in a predic- 
table maximum number of gun firings. If the standard number 
of rounds fired is ccnsidered as a single salvo or burst ani 
the maximum number of gun firings rs considered as the 
number of weapons available, then the same firing doctrine 
determination and weapon expenditure routines could be used 
for aerial guns. Easeline 'PCONV and 'PKSS' values for 
guns must then ta based on a single burst rather than a 
single round. Again, reasonable results depend entirely on 
the ’PCCJ5V* evaluation. 

5 . W eapon T ime c f Fli g ht 

The actual Shoot Phase is complete following the 
weapon expenditure determination. However, in order to 
prepare for the Engagement F.esult Phase, the time delay 
until weapon impact must be detarmined. The last portion of 
tha Shoot Phase modeling purports to calculate an approxi- 
mate time of flight (TOF) for each weapon. The actual 
impact time used to schedule the Engagement Result Phase for 
these engagements will be an average of several weapon TOFs. 
Clearly, these calculations ought to be purely 

deter minist ic. 

Tha NWGS subroutine TIi1E_0F_FLIGHT supposedly evalu- 
ates the target aspect used for weapon launch and uses this 
target aspect category, the weapon average speed and the 
target speed for the TOF calculation. It wouli be most 
realistic to use the actual target aspect category at launch 
if it were evaluated during the Shoot Phase. Instead, the 
model uses either a deterministic method or a stochastic 
method to determine the launch target aspect. The determin- 
istic method simply chooses the most- effective target aspect 
for that weapon. The stochastic method randomly selects the 
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target aspect to be used. There is no basis for use of rh<=- 
stochasric approach. It will only detract from any realism 
in -he model. 

By this rime in the Shoot Phase model, if a weapon 
has teen launched, it should have been launched with a 
desirable target aspect. And since the TOP and the ultimate 
impact time calculation are approximations, it seems much 
more reasonable to always use the moso effecrive target 
aspect for the calculation. 

Table IV in Chapter II indicares that there are 
errors in the model's TO? calculations. The currently used 
•delta' factor is the difference between the Head-on and 
Tail-cn TOPS. The model' s calculation of Forward-Quarter 
and Pear-Quarter TOP adds the 'delta* factor to the Head-On 
TOP. Clearly, this is not appropriate. A reasonable 
approximation ci the forwar d-Quarrar and Rear-Quarter TOP is 
to add a fractional part of the currenz 'delza' factor tc 
the Head-On TOP, Fractional values of 0.3 and 0.7 respec- 
tively will provide much more reasonable results. For the 
Tail-cn case, when the missile average speed is less than 
1.2 times the target speed, the model yields a TOP equal to 
the Head-On case. A mors reasonable result is obtained if 

the 'cKSS' for that pair is set do zero in the 
' air_air_pair' table. This will account for the fact that 
the weapcn has been fired and will never reach the target. 
The same adjustment zo 'PKSS' should be made for a weapon 
whose calculated TOP is more then ten percent greater that 
the data base maximum TOP for that weapon. 

6 . Summar y 

The NWGS Shoot Phase approach to the evaluation of 
the Conversion and Shoot components of the generalized air- 
to-air engagement is extremely difficult to relate to 
reality. For this reason, the adequacy of the model's 
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output is also difficult to svalua~e. several suggasrior.s 
for Shoot Phase improvements with regard to realism have 
been discussed. However, the primary determining factor for 
suitability of rhis phase of rhe NWGS air-to-air modaling 
lies in the ability to provide reasonable representations of 
the numerous parameters used by rhe Shoot Phase models. 

As suggested throughout the Shoot Phase discussion, 
the entire ’PCONV* evaluaricn is an example of how arbitrary 
parameter definitions can create difficult problems in data 
based models. The tse of this type of aggregare effective- 
ness factor is more appropriate no a macro level model where 
the forces are aggregated and expected value modeling can 
be used. The purpose for modeling individual platform 
engagements in these routines becomes somewhat obscured by 
using such techniques. If modeling the individual platform 
is critical to the required level of detail, then much mere 
of the realistic detail is needed in rhis model. For the 
greatest percentage of the NwGS use, platform versus plat- 
form detail is not required. 

The Shoot Phase and its 'PCOMV’ evaluation prove to 
be the driving forces in producing reasonable or unreason- 
able results form the entire air-to-air engagement routine. 
This tremendous dependar.ee or. the .collective data base 
ef f ectiveness values indicates the need for devoted effort 
to arrive at values to satisfy the parameter definitions 
specified by this study. Otherwise, the air-to-air engage- 
ment models will never produce realistic or even reasonable 
results. 

D. NHGS ENGAGEMENT BESULT PHASE E7AL0ATI0N 

The NWGS Engagement Result Phase correlates very well to 
the generalized air-to-air engagement component of 
Engagement Outcome. This component of an individual 
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air-to-air sngagemsrt represen-s the evaluation of the 
specific weapon’s performance frcm launch to target inrer- 
cspr and includes target damage assessment. The weapon 
performance evaluation is expressed in terms of weapon prob- 
ability to kill. 

In a highly aggregated macro level model where the 
outputs cf interest are the number of survivors on each side 
fcllcwing the air battle, probabilities of kill are blended 
into relative effectiveness values. This allows the model 
to produce expected value results. A more detailed level cf 
model which executes individual pla tf orm-tc-?latf orm engage- 
ments will evaluate the weapon probability of kill for each 
weapon firing to decide the engagement result. 

In the actual air-to-air engagement arena, there is also 
a potential for damaged aircraft which may then be consid- 
ered partially out of action. Generally, only very detailed 
models will attempt to model this aspect of battle damage 
assessment . 

There are several important contributing factors that 
influence a weapon's probability of kill for an individual 
engagement. These factors are: 

• Weapon Guidance' System Reliaoility, 

• Weapon Fusing/Detonation Feliability, 

• Fire Control Support Reliability, 

• Weapon Target Aspect/Iar get iianeuver 

• Weather Effects 

• Target ZC:-1 Effects 

• Weapon ECC;i Capability 

• Target Size, Speed, Altitude 

All cf these factors will sufficiently distinguish the 
difference between aircraft and cruise missile target types. 
In the chert range visual arena, target aircraft maneuver- 
ability becomes a very significant con tri but or to the final 
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probability of kill whan tha target knows it has been 
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The follo'rfing chapter subsections provide discussion of 
specific areas of interest involved in rhe Engagement Resuio 
Phase modeling. These comments assume that the inputs oo 
this Phase provided by the Shoot Phase are reasonable and 
that no adjustments need to be made here for Shoot Phase 
problems. 

I • |2.sili3.a 1£K 

The baseline 'PKSS' values which are provided by the 
NWGS data base are the most critical parameters contributing 
to this modeling phase. The data base has the capability to 
provide unique *PKSS' values for every launcher and weapon 
combination against each of several different target types. 
Per aircraf-^ targets, two speed and three size categories 
are available. For cruise missile targets, three speed and 
four altitude categories are available. 

This classification approach provides tremendous 
flexibility to the model and should allow the user the 
opportunity to observe the effects of various target types 
cn the engagement outcome. Currently, the 'PKSS' values in 
the data base appear rather aroitrary and the capability for 
weapon uniqueness is not utilized. All of the air-to-air 
missiles have the same set of values as do the gun systems. 
As discussed earlier, it is the NAV/'s responsibility to 
provide the values for the data base. However, before this 
can be dene, it is imperative that the exact definition of 
the baseline ’PKSS* parameter used in the model is known. 

In this model, the baseline ’PKSS' must be defined 
as a conditional probability of kill. Specifacally defined, 
it is the probability that a single salvo of the particular 
weapon, with the fire control support of the specified 
launcher, will kill a target of the specified type, given 
that it has guided, fused and detonated succsssf ully. 
Without the launcher's fire control factor included, there 
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i? nc reascn t.o asscciats th= weapon with the par~icular 
launcher. However, this method provides a way to account 
for fire control supper- from the launcher without evalu- 
ating an additional factor. It is quite important to keep 
in mind the above definition when deriving values for the 
data base. Otherwise, the model will produce totally 

unrealistic results. 

Availability of data for the required derivation of 
baseline ’PKSS’ values is a much more promising preposition 
then is the 'PCONV’ case. Weapon performance data for 

allied weapons is available through analyses of weapon 
firing reports as well as Test and Evaluation reports. 
However, adequate data for analysis of the 18 target varia- 
tions for each launcher-weapon combination, are certainly 
not available. The appropriate analysis will most likely 
require engineering and phenomenological weapon firing 
simulation. 

2 • * ?K S5 * M odi f icat ion Factors 

The ’.IWGS Engagement Result Phase modeling currently 
incorporates seven modification factors for the final evalu- 
ation of each weapon ’PKSS' . Each factor is represented as 
a conditional probability or effectiveness and used as a 
multiplier to influence the total ’PKSS’ calculation. These 
values will therefore, have either a degrading effect on the 
weapon baseline 'PKSS* or no effect at all. The factors 
considered by both the Aircraft and Cruise Missile 
Engagement Result Phases daring ’PKSS* evaluation are: 

• Weapon Guidance Reliability, 

• Weapon Reliability, 

• Environmental Effects, 

• Target Aspect Effects, 

• ECM/ECCM Effects, 

• Guidance Required until Impact. 
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Ar. important factor in the short, range engagement evalua- 
tion, particularly fcr aircraft targets when they know that 
they have been fired at, is their ability tc maneuver 
defensively . 

As in the Shoot Phase 'PCONV factor ds t-rmination, 
the actual effectiveness values for the above factors are 
accessed as data base parameter values. Therefore, the 
availability of the required data, the factor suitability 
and the model's approach to their application are the focal 
points of the following discussions. 

a. Reliability Factors 

The Engagement Result Phase accesses the two 
weapon specific reliability values from the weapon property 
tables of the NWGS data bass. weapon guidance reliability 
refers tc the weapon's inner guidance mechanism. The weapon 
reliability then must represent the weapon's internal 
arming, fusing and detonation mechanisms. These factors 
have no relation tc the launcher aircraft or its fire 
contrcl system. The combination of these two factors with 
baseline 'PKSS' value yields a weapon probability of kill 
that better represents the fleet operational concept of 
probability of kill. Since the same two values are always 
paired together, it seems reasonable to combine th.e values 
for each weapon into an overall weapon reliability. For 
more simplicity, the values could be included in the base- 
line 'PKSS' tables without adversely affecting the model. 

b. Environmental Factor 

The subroutine WE ATHSR_CHSCK is called during 
*he Shoot Phase to evaluate the current game environmental 
effects on both 'PCO'IV and weapon performance. The envi- 
ronmental offsets on weapon performance are provided by the 
weapon property tables of the NWGS data base and are applied 



110 






j 



to the '?KSS* 



calculation during the Engagement Result 
Phase. The model evaluates the relative cloud ana precipi- 
tation densities and selects the effectiveness facror for 
probability of kill than reflects the appropriate degrada- 
tion to weapon performance. The model's evaluation is 
performed in a reasonable manner. However, determining the 
appropriate effectivess values for each air-to-air weapon 
given particular cloud or rain density situations, is a 
significant task. An analysis of the various weather 
effects on each weapon type must be performed in terms of 



'PKSS' degradation if reasonable representations ar=^ to be 
expected over all. 

c. Target Aspect Effects 



The 

launch target 
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cf target aspec 
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use of maximum e 
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totally obscure 
this evaluation 
all together. 



NWGS Engagement Result Phase application of 
aspect effectiveness is operationally 
the Sheet Phase tise-o f- flight application 
t, either the aspect with maximum weapon 
selected or a random aspect is used. The 
ffectivenes s for all cases denies the player 
any variaticn in results due to engagement 
random aspect method has the potential to 
any realism that does exist. Therefore, 
must be imnrovea or it should be eliminated 



In the Shoot Phase discussion of intercept and 
engagement geometry, it was pointed out that during the 
Engagement Outcome component of the air-to-air engagement, 
the wsapen target aspect greatly affects the actual weapon 
performance. Thiis is true for weapon target aspect at beth 
launch time and at weapon intercept time. For long range 
engagement, the target aspect at weapon launch time should 
be evaluated by the Shoot Phase model prior to the shoot 
decision. If this check is performed, then the appropriate 
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aspect eff 9Ctiv6?.ess factor may be used in the 'PKSS’ edi- 
fication. The close range engagements and nhe air ccmcan 
maneuvering environment are too dynamic to model adequately 
az zhis level of detail. Therefore, iz is suggeszed zhat 
fer the short range weapon performance evaluation, the 
target relative maneuverability be used in place of th*-- 
weapon aspect effectiveness. 



The weapon target aspect at weapon intercept 
time is dezermined primarily by the zarget aircrafz after 
the weapon has been launched. Defensive maneuvering on zhe 
part of the target will most eften adversely affect targez 
aspect for the weapon. Performance of a defensive maneuver 
is determined by the zarget 's maneuverability and whether or 
not he knows that he has been fired at. Iz can be assumed 
for modeling purposes that for the long range engagemenzs, 
targets will not perform defensive maneuvers. However, for 
the short range case, perhaps defensive maneuvering capabil- 
izies and zarget knowledge of attack should be incorporated, 
fin added benefit cf employing relative maneuverability 
factors is ability to more realistically represent the air 
combat maneuvering cr Dog fight arena cf air-tc-air 
engagements. 



The availability cf data for determining reason- 
able weapon aspect ef f ect i veness and relative maneuver- 
ability factors is more promising than for most ether 
parameters. Weapon firing simulations and numerous aircraft 
performance comparisen studies are available to generate the 
epprcpiiate data for such an analysis. 



d. SCM/ZCCH Effects 



The NWGS Engagement Result Phase performs the 
EC"! and ECCh effectiveness factor determination and their 
probabilistic application in a very satisfactory manner. 
The subroutine H30 EW is used to evaluate the weapon 
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specific susceptibility to target SCM support and chs weap- 
on's ZCC?I capabilicies againsr rhat ECU. ECH frequency, 
chaff and decoys are evaluated. If the ECM and ECCM are 
determined to be effective, each weapon type has a pair of 
ef f ectiveness values representing ECri effectiveness and ECCil 
capability which are accesssed from -he data base and used 
to modify the • PKSS • . 



The model's ECM/HCCM evaluation dees not distin- 
guish between self-screen and stand-off screen targets. The 
difference between the twe types of jammer support are 
important, but are most critical in the Detection and 
Targeting components. 

The determination of representative ECM and ECCM 



effectiveness values is a critical 
solved. There are numerous factor 
impact any given jamming scena 
targeting and weapon performance, 
rate simulation analysis, ccomonl 
analytical results may be the best 
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The final 'PKSS' factor evaluated by the 
Engagement Result Phase is a check to insure that the 
launcher aircraft has not been destroyed. This check is 
performed only for weapons that require guidance, such as a 
semi-active radar guided missile. Whan such a weapon's 
launcher aircraft is destroyed before weapon impact, the 



final 'PKSS' value is dagraded by a factor 



0 . 5 . 



In 



reality, when this type of weapon loses its guidance infor- 
mation, it becomes a ballistic missile and may even be 
internally instructed to detonate. In either case, the 
degradation factor should probably be weapon specific and 
based on its flight profile and average range. A long range 
missile with a maneuvering profile should be degraded much 
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“ha*: 0.5. 
against a largs 
for simplicity. 



A short range straight 
target might perform well, 
a 0.5 degradation might 



flying missile 
On the average 
yield acceptable 



results . 

3. Ca rnage Assessment 



The damage assessment portion of the Engagement 
Result Phase modeling for both aircraft and cruise missile 
targets is by far the most appropriate and well done part of 
the entire air-to-air engagement models package. The final 
model output depends greatly on the prior evaluation of 
•PKSS' for each engagement pair. Assuming that the executed 
engagement and subsequent 'PKSS* evaluations are reasonable, 
the damage assessment routine will produce very reasonable 
results. 

The cruise missile Engagement Result Phase inter- 
nally performs a very straight forward kill/no kill evalua- 
tion for each encaged pair. It does not acoumula'^.e 'PKSS' 
for engagement pairs with the same target. 

The aircraft Engagement Result Phase calls the 
aircraft battle damage assessment subroutin® M26_AC3DA to 
p*=rfcrm a much more sophisticated evaluation. Engagement 
pairs with the same targets are compounded. Their indi- 
vidual 'PKSS' values are probabilisticly combined for a 
cumulative probability of target destruction. The model 
scales the cumulative probability of destruction by a random 
uniform (-.2,. 2) factor based on the uniform (0,1), random 
number drawn for comparison to the probability of destruc- 
tion. The basis for this adjustment is not clear. However, 
it is an appealing method for scaling down the effect of 
randomness in this dcnte Carlo evaluation. 

Small single engine aircraft may only be killed or 
not killed. Larger aircraft may also be destroyed by the 
initial Monte Carlo evaluation. However, depending on 
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fur::hsr ccm pari son of tha probability of destruction and ~h~ 
reference probability, the larger aircraft may be lefn 
undamaged or it may enter a more detailed damage svaiuanicn. 
The detailed evaluaticn will downgrade specific weapons and 
sensors cn the aircraft. The detail is more than arpro- 
priate fcr the overall detail cf the engagement models, but 
it is performed efficiently enough that it can not be 
fault ed. 



u . Summary 

The NWGS Engagement Result Phase, for both target 
types, provides a very reasonable approach and suitable 
modeling fcr this phase of air-to-air engagements. This is 
the mcst realistic and representative portion of the NRGS 
air-tc-air engagement modeling. One area that must be 
imprcved is the application of target aspect effectiveness 
in the 'PKS3' evaluation. The short range engagement arena 
also needs to be more clearly defined and evaluated using 
more apprcpriate attributes. The battle damage assessment 
modeling is superb. However, it may not be appreciated if 
reasonable results can not be obtained up to the point where 
the battle damage assessment takes affect. 

The concern fcr reasonable results at any point in 
the NWGS air-to-air engagement modeling is a major problem 
throughout the air tattle models. The problem is related 
primarily tc deriving representative effectiveness values 
fcr parameters in the NWGS data base. The Engagement Result 
Phase is relatively free of this difficulty. The required 
analyses and data sources are available fcr baseline 'PKSS*, 
weapon target aspect effectiveness, relative aircraft maneu- 
verability and weapon reliabilities. The envir cnmental 
effects and ECM/SCCM effects are the weakest measures of 
effectiveness and are not as clearly defined. Finally, the 
output from this phase of modeling can only be as coed as 
the input from the Shcot Phase. 
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DOCOaSNTATIOy EVALUATION 



Through the Naval War College Center for War Gaming, nhe 
Computer Sciences Corporation provided five NWGS suppcrr 
dccuoients as reference material for this study. Pertions of 
these documents related to the srudy's area of interest vere 
referred to throughout the air-to-air engagement model exam- 
inarion. The documenxs include: 

• The Cemmand Staff Users Manual, 

• The Student Training Course Guide and Video Tape, 

• The Program Performance Specification, 

• The Program Description Document, 

• The Program Design Manual. 

In addition, some program description documentation is 
contained in comment blocks within the PL/I procedures them- 
selves. The following discussions conrain brief description 
and qualitative evaluation of these documents with respect 
to their usefulness. 

The Command and Staff Users Manual, (CSUM) [Ref. 5], is 
a very general overview and description of the Naval Warfare 
Gaming System hardware and approach concepxs. It contains a 
very cursory discussicn of player and umpire sysxem inter- 
face. Th'=> CSUM provides very good general infermaxion 
ccncerning the NWGS system and its use for an individual who 
is xotally unfamiliar with it. It is adequate fer player 
introducxion to NWGS. Operator manuals are available for 
the detailed description of operaxor and umpire interaction 
with NWGS through specific equipment. These manuals are not 
included in this report. 

The Student Training Course (STC) ccnsisxs of xhe Guide 
[Ref. 3] and the Video Tape [Ref. U] in which the NWGS 
senior designer uses the course guide to explain xhe system 
to personnel at the Center for War Gaming. The Guide itself 
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is difficult to rffsctively uss without the accc3p= ny ir.c 
Vidao Taps. The course is a generalized description of 
functional operation with emphasis on both models and the 
reasons for a particular design approach. The STC discusses 
the air-to-air engagement modeling only superficially. dost 
of the questions raised in this study's evaluation are not 
addressed. The Course Guide and Video Tape in conjunction 
provide a complete introduction to NWGS design and general 
model capabilities for the interested person. However, the 
Course was originally conducted over a one week tim-^ frame. 
The STC provided much insight to understanding the War 
Gaming System design, but did not provide adequate detail 
for model evaluation. 

The Program Performance Specification (FPS) (Ref. 1 ] is 
the most general of the program description documents. It 
contains brief descriptions of the general functions 
provided in the various model areas and very simplified 
function diagrams for each of the modeling environments. 
Input parameters and required output quantities are given in 
this document. During system development and design 
approval. The PPS would have been important to evaluate the 
planned system functional design and basic operation. The 
usefulness of this document now that system development is 
well past the design stages is doubtful. The detail 
required to evaluate the actual modeling techniques and the 
application of evaluated parameters is not contained in this 
doc uraent . 

The two documents most relevant to the NWGS model and 
algcritha descriptions are the Program Description Document 
<?DD) [Ref. 2], and the Program Design Manual (PDM) 
[Ref. 6]. 

The PDD contains the basic processing logic for each 
procedure and describes the procedure's associated data base 
parameters, the procedure's usage and the system interfaces. 
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It givas aach modsi's gar.aral task dsscriptior. ar.d a 
datailad algcrithaic description for every system procacura. 
This document is a computer program configuration item and 
has the potential to be the ultimate authority defining the 
NWGS routines. 

The actual PL/I program coda was created following 
approval of the FDD. It appears# at least in the area of 
air-to-air engagement models, that the FDD has not been 
updated for design changes that have been incorporated. 
There are a number cf major differences between the FDD 
procedure algorithms and the actual PL/I coding. 

Incompleteness and differences also exist in the PDD in the 
area of subroutines utilization and data base parameters 
accessed. This document should be the ultimate model docu- 
mentation authority. It is currently inaccurate enough in 
specific areas to be very misleading and confusing. The 
TAGS Model Manger's goal should be a totally updated PDD for 



system documentation. 

The Program Design Manual (PDM) is the most recent docu- 
ment, dated April 1983. It is very limited in scope, but 
contains the latest description of soecific aspects cf the 
NWGS fficdels. Many parameter definitions given in the PDM 
remain unclear and confusing. However, this document 
provided the most accurate modeling information available 
for the NWGS. A more complete and precise PDM along with an 
updated PDD would provide the necessary complete dccumenta- 
■^ion of NWGS models and design concepts. 

The descriptive documentation within the PL/I computer 
code is accurate and very informative in almost all cases 
where it is provided. Occasionally, as in the aircraft and 
cruise missile engagement procedures, program description is 
duplicated making it inappropriate for the specific proce- 
dure. Th<= descriptive documentation provided in the data 
base structure declarations is particularly helpful for 
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analyzing the routines. This type of documentation is very 
helpful to programmers and model evaluators. An effort 
should be mads to complete the procedure's internal documen- 
tation blocks. 
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IV. RECOHMENDATI^S AND CONCLUSIONS 

This chaptsr provides the overall recommendatiers and 
ccnclusicr.s derived from this study of the NNGS air-to-air 
engagsmsr.t procedures. It is divided into four secrions 
including Model Evaluation Conclusions, Specific 

3<=ccaimendations , General Heccminendations and Study 
Conclusions. As in the Chaprer III evaluation, recenmenaa- 
tiens and conclusions discussed in this chaprer do non 
distinguish between the aircraft and cruise missile target 
procedures except when nhe differences are relevant. In 
general, all comments concerning these procedures are valid 
for both target types. 

A. MODEL EVALUATION CONCLUSIONS 

This study confirms that the NNG3 level two air-tc-air 
engagement routines, as they currently execute, will not 
produce reasonable results for war games. This does not 
imply that the entire air-to-air engagement module needs to 
be reconstr ucted . Certain aspects of the models, particu- 
larly the Engagement Result Phase and its aircraft battl^' 
damage assessment routine, are superbly done. The logical 
processes of the Targeting Phase are also extremely effec- 
tive at accomplishing the idealized target allocation that 
they are designed to do. With the exception of a few minor 
ceding errors, all probability applications, eguations and 
logic evaluations contained throughout the four phases of 
engagement execution are used correctly. 

Several problem areas of varying degrees of severity 
have teen identified during the evaluation portion of this 
study. Although, the specific data base values were not 
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^argst camaga. Although this approach is no- totally real- 
istic, in initially appears to hava sorse merit. He waver, 
its weakness is demonstrated through tha Shoot Phase evalua- 
tions. These evaluations fail to address the most critical 
factors for determining if and whan a weapon launch opportu- 
nity will occur. Factors such as detection status, jamming, 
target density and angagament geometry are all critical and 
are naglactsd by tha NWGS Shoot Phase. 

It is also important that tha air-to-air er.gaganant 
models are supposedly designac to simulate all types of air 
battles. These types may include the Outer Air Battle 
portion of tha Anti- Air- War fare problain, the Strike Sscert 
versus defending aircraft problem or the visual identifica- 
tion to air combat maneuvering scenario. To model all of 
these with a single simulation that considers platform-to- 
platform engagements, a distinction must be made between 
long range engagements and the short range arena. These 
models do not make such a distinction. 

As outlined in Chapter III, any model of th=^ 
air-to-air engagement arena should use the five components 
of the generalized air battle as its underlying structure. 
The components include Detection, Weapon Assignment, 
Conversion, Shoot and Zngagsment Outcome. These components 
and their internal subcomponents are particularly important 
when the model level of detail implies platform-to- platform 
engagement evaluation. 
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based modeling are extremely effective. They should provide 
the flexibility required in a system which services such an 
extreme variety of objectives. However, the advantages of 
data base modeling have been misused in certain areas of the 
HWGS air-to-air engagement models. The Shoot Phase modeling 
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appears to be particularly hampared with arbitrary ard 
unclear parameter definitions. 

The type of data desired for data base modeling is 
definitive data. It should represent clearly defined para- 
meters and describe specific items, such as weapon syst‘=“ms. 
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resentations of 
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s , t h 


€ data base 


flexibility is 


being misused. 
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is very impreci 
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vihat is rspreser. ted by the 6ngag=»msr.t results. The current 
actual level of detail provided by the level twc models 
might be more effectively achieved through an ageregared 
model . 

Kosr of the current data base parameter values 
remain from the initial uncle ssiriei installation cf rWGS. 
For this reason, all of the data base values involved with 
air-tc-air engagement models should be evaluated and veri- 
fied using the specific parameter definitions provided in 
Chapter III of this study. 

3. Froara m Documentation 



The basic ingredients for a thorough documentation 
package for the NWGS models are already in existence. The 
Program Description Document and the program imbedded 
comment blocks provided by the Computer Sciences Corporation 
have the potential to provide ail of the necessary model 
documentation. Much cf the existing documentation however, 
has been shewn to be cut of date. The specific model docu- 
mentation for the level two air-to-air engagement mode Is is 
currently inadequate. The narrative descriptions, the para- 
meter definitions and the variable usages do not match the 
current procedures. The documentation within the ?L/I code 
is generally accurate but is incomplete and occasionally 
unclear. Improvements are required in these areas before 
the documentation will be useful to any investigator. 



B. SPECIFIC RECCMMENEATIONS 

E ecommenda t icn s provided in this section are aimed at 
improving the realism and reasonability of the existing NWGS 
level two air-to-air engagement modeling. All suggestions 
are mace with the idea cf minimal model reconstruction in 
mini. Since thorough evaluation, discussion and suggestions 
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ccnc9inir.g th= nodal problsro areas ara provided in Chaorar 
III, ccnpletely detailed reccmnanda ti ons are no- giver, hare. 
However, references tc Chapter III subsections are inciuced. 
Specific r eccamendat ions are provided under -heir applicable 
engage rent execution phase. 

Ta r get in q Ph as e 

a. Provide a subroutine similar to M30_?EOXi:iITY 
which uses Slant-Range calculations for launcher- 
target range determination instead of great-circle 
ranging. (Ill 3-2) 

fc. Add ceding that will exclude the target mission 
weighting factor from the 'MAX' calculation when the 
targeting range is greater than visual range. 
Continue use of weighting factors when targeting 
range is within visual range. Let the visual range 
cutoff be eight .miles. (Ill 3-3) 

c. Add coding that will account for high target 
density. In long range cases, when several target 
platforms are contained within a single track, treat 
them as unr esclvabl e . Limit the number of platforms 
within such a track that are eligible for targeting. 
(Ill B) 

d. Reconstruct the calculations of launcher-to- 
target look-up and lock-down to reflect degrees of 
elevation frem the horizon. The data base weapon 
specific look-up and look-down limitations must be 
corrected to the appropriate degree limits. This 
check is to be used only in the long range cases and 
bypassed for the short range engagements. Insure 
that th= logical evaluation of these limits is 
performed correctly. (Ill 5-4) 
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•s. Kaka use of the unusai variable 'da'!:_rr.g' , 

dafinad as datacticn raage, containad in dha 
*aii:_air_?air' structura. (Ill B-5) 

f. Provide a subroutina similar to M30_sw that will 

avaluats the launcher aircraft radar system suscep- 
tibility to ECM. Evaluate self -screening and 

stand-off jammers and provide the reduced maximum 
effective radar detection ranges as weapon limita- 
tions for the Shoct Phase evaluation. (Ill B-5) 

g. Bypass the Multi- targeting segment of the 
Targeting Phase when the target of interest is a 
self screening jammer or supported by a jammer 
within the same track. (Ill 3-6) 

2 . §1^22^1 Ph ase 

a. Perform a thorough analysis to determine repre- 
san-.ativs values for the baseline probability of 



conversion 


• PCONV 


t ah ^ e s • 


Thr fo 


llowing defin 


applies. 


Basaline 


' PCOMV 


is rh 


a probability 


the parti 


cular la 


uncher a 


ir craft 


type detec 



single n on- maneuver ing target of the specified type 
in a clear envircnmen~ and maneuvers to a satisfac- 
tory launch position for the selected weapon. This 
value assumes that the fire control and weapons 
system are functioning adequately. it is important 
to realize that the current modal in the determin- 
istic mode will cancel any engagement pairing with a 
final modified 'PCOl^V l^ss than 0.5. (Ill C-1) 

h. Evaluate and combine the weapon system fire 

control reliability and launcher reliability para- 
irsters for each launcher aircraft and weapon system 
combination. The single values should represent the 
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cv sral 1 



elicbilit 



weapon system 
conversion to 



y of the launcher aircraf 
with rsspecn to performance o 
launch posirion and a succ 



weapon launch. (Ill C-2a) 



and 






c. Deterniins the appropriana effectiveness values 
for the 'PCCNV' modification factors vector assis- 
tance and weather effects. For vector assistance, 
evaluate the concept of variable effectiveness 
factors for different launcher aircraft types being 
sup por t e d. 



d. Add coding to perform the actual launch target 
aspect evaluation for long range engagements. 
Application of the four general target aspect 
categories is sufficient. Adjust the weapon maximum 
effective range based on the target aspect category 
and the appropriate target aspect category cutoff 
limits to influence the shoot decision. iIII C-2e) 



e. Provide an additional *?COMV' modification 
factor to be used only for short range engagements. 
The factor should represent the relative launcher- 
target maneuverability which influences the launch- 
er's ability *o gain a launch position. If 
possible, also consider the influences of first 
detection, simultaneous detection and no detection 
on the part of the target, (III C-2e,f) 



f. Redefine the applies 
determination for aerial 
for air-to-air missiles, 
as a burst of a standard 
the gun system rounds c 
standard burst available, 



tion of 


the 'rou 


nds__f ired’ 


guns to f 


unction 


exactly as 


Define a 


singl e 


gun firing 


number of 


rounds 


ana d'^fine 


vail aole 


as ^.he 


number of 



(III C-4) 



127 



Hsconstruct 



- Vw 



g. 

ut 



9 the 



actual 



Corrsct 



zhe TOF 



I 



delta' 



iactcrs. A 



wcapor. will net raa 
eh an ar. 5 ^gs®£nt no 



ha subroutine TIM3_0F_?LIGHT 
launch targee aspect catsacry. 
approxiaations using fractier.al 
Isc, if ie is datsrained tha"^ the 
ch the eargee, set -he ?KS3 fer 
zero. (Ill C-5) 



3. Encaaeinent Result 



a. Analyze and provide the appropriate baseline 
'PKSS' values for both aircraft and cruise aissila 
probability of hill tables. The values should 
reflect the relative capabilities of the various 
weapons. The analysis must consider the following 
definition. Each baselina 'PKSS' is the condioional 
probability that a single salvo of rhe fired weapon, 
with the fire control support of the specific 
launcher aircrafr type, will hill the specifiad 
Target nype given that the weapon has guided, fused 
and detonated succe ssf ully. (Ill D-1) 



b. Analyze and combine the weapon guidance reli- 
abiliry and weapon reliability into a single weapon- 
specific reliability facior which represer.rs -he 
overall raiiabiliiy of the weapen's internal mecha- 
nisms. It is also recommended thar these values be 
incorporated into the baseline 'PKSS' tables to 
account for the condiTicnal porTion of *he baseline 
•PKSS* . (Ill D-2a) 



c. Analyze and provide the appropriare weapon 
specific target aspect ef f ecri veness values that 
will account for effecTS on weapon par formar.ee due 
to launch targer aspect. (Ill D-2c) 
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d. Reconstruct the launch target aspect evaluation 
segment of the Engagement Result Phase to utilize 
the actual target aspect category in ncdifyinc 
'PKSS' for long range engagements. (Ill D-2c) 

s. For the short range engagements, bypass the 
application cf target aspect effectiveness and 
determine the targets capability to perform a defen- 
sive maneuver by examining the target platform's 
relative maneuverability. (Ill D-2c) 

f. Analyze and provide appropriate weapon specific 
ECH and ECCK effectiveness values. These values 
should represent the ECH effect on weapon perform- 
ance and the weapon 's ECCd capability to counter the 
ECCM. 

4 . loc ume n- at ion 

a. Update the procedure narratives and the variable 
usage and definitions contained in the Program 
Description Document (PDD) . (Ill D) 

fc. Complete and verify the dec ume ntation comment 
blocks contained within the procedures FL/I code. 
Deduce the discussions of design concepts within 
these procedures. 

C. GENERAL HECOHMENE ATIONS 

The general recommendat icr.s proposed in this section are 
intended for NWGS long range improvement plans. They are 
applicable to all NWGS engagement models, but are discussed 
here in terms of the air-to-air engagements arena. The 
recommendations focus on the system design concept cf model 
families which simulate identical environments, but utilize 
varying levels of detail. Three levels of air-to-air 



129 



snga genu? TIT inodaling should 
adequately accouriT for iis 

1 . I5v el One 

The ’JWGS Icval on 
should provide the systems 
utilized for large scale gl 
This modeling should be a 
application of a highly ag 
produces classic expected v 
provide simplified air st 
force encounter evaluation 
iteration. Any number of 
ated and applied to this 
inputs for this level one m 
platfcrms on opposing sides 
level of detail are the num 
the air battle and the sur 
strike platform output wi 
surface-to-air engagement ra 
model design is perfectly s 
level of conflict frequentl 

The current 'IWGS 
model, although not thor 
appears to be extremely sim 
identical targeting procedu 
platform allocation and th 
are simplified only by the 
assistance farters. Th? t 
simply as kill or no kill f 
a suitable level one model 



ultimately be provided by to 

varying application objectives. 

e air-to-air engagement models 
lowest level of detail and be 
obal and theater level war games, 
ccomplished through the careful 
gregated macro level model which 
alue results. Such a mcdel will 
rike versus defending aircraft 
in a single cemputer pregram 
associated factors may be -evalu- 
type of model. The appropriate 
odel are the numbers and typ=3 of 
. The required outputs for this 
b«^r of strike platforms survivinc 
viving defending aircraft. Th? 
11 then be the input for the 
ode 1 . This r ec cm m ended level one 



uit ed 


f cr 


the large scale global 


y used 


for 


the CwG war games. 


lev el 


one 


air-to-air engagement 


cughly 


a va 


luated by this study. 



ilar to the level two model. The 
re is used for individual target 
e remaining phases of execution 
omission of ECM/ECCM and vector 
arget battle damage is determined 
or all target types. This is not 
for large scale war gaming. 



130 



2 



. Ipv^l Twc 

Ths NWGS isvsl two air-to-air ^ngagamant r.claiing 
has b*asn vary thoroughly criticized in chis study. in a 
three level of derail system, the middle level inevirabZy 
becomes a compromise berween a totally basic and a rcrally 
detailed model. This causes difficulty for the model 
builder from the outset. Kuch of this study's criticism 
focuses cn impro vent enrs in the model realism. It should be 
noted that the assumed degree of required realism is rather 
subjective. The proper application of the recommendations 
made by this study will make the MWGS level two model suit- 
able for the intermediate level of detail. A further rscom- 
msndatior. discussed in subsection A-2 of this chapter 
suggests some aggregation of the level two models. This 
typ-= of model reconstr uct ion would dafinitaly impact the 
program execution time without any loss of detail. 

The potential use of V.-UQS as a research, analytical 
and tactics evaluation tool dictates that level three 
eng a gem an*’ models must ultimately be provided for N'vGS. The 
NWGS level three kinematics modeling currently provides 
satisfactory *rack raevament for very detailed engagement 
evaluation. The NWGS data base currently maintains the 

track parameters necessary for any geometric or trigonome- 
tric evaluation that may be required of a lev<=^l three model. 
The implication of platf or m-to-piatf orn engagement avalua- 
•^ions dictates the use of the most complete detail possible. 

A NWGS level three air-to-air engagement model 
should utilize all available NWGS models to simulate actual 
sensors, detections and kinematics. This mccel must 
consider actual intercept geometry, launcher and target 
performance, and the geometric implications of jammer 



positic-ir.g or. de-^.sctions as well as w-sapcn p^rf czrnar. ca. 
Hosz phariomanon at this Isvsl should be evaluated using 



en g in e er i n g 


an d 


phencmenalogical models. 


The difficulzies 


cf modeling 


th e 


close in air combaz mane 


uverir. g arena will 


still exisz 


and 


will most likely require 


special handling. 


The current 


dat 


a base structure provides 


for most of the 



parameters required for level three modeling. 

The level three model, as described here, will b<=^ 
apprcpriaze for war gaming only when this level of detail is 
absolutely required. War games whose purpose ir is to eval- 
uate current and proposed tactics az zhe unit versus unit 
level definitely require this level of detail. 



E. SIODI CONCLOSIONS 

Since the Naval Warfare Gaming Syszem inszallazion az 
the Naval War College, in early 1983, zhe Center for War 
Gaming has ■exercised NWGS over its enzire capability spec- 
trum. It was soon discovered zhaz many of the engag=menz 
rcuzines were not producing the sxpeczed resulzs. Further 



inveszigat ion in dicar ed thaz the exiszing documenzation was 
inadequate to troubleshoot zhe problems. Since that time, a 
dedicated effort to evaluate and validaze the NWGS medals 
has been ongoing. 

This study of the NWGS air-to-air engagement models 
confirms that these models will not produce reasonable 
cngagpirent resulzs. This finding alone is not particularly 
impertanz. However, through the zhorcugh examinazicn of the 
aczual ?L/I compuzer code, compleze and accuraze procedure 

and model descr ipziens for zhe exiszing air-to-air engage- 
menz routines are provided. In addizion, the close examina- 
tion and evaluation of the level two models resulted in 
several specific and general recommendations for model 
improvements while idenzifying major problem areas in the 
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dat,a tass 



'1 anagement of th? !lwGS Data 5as9 will c'r.rar.u' 
to be a.n extremely sigr.ificant task and will certainly 
continue to require a treaendcus amounn of dedicated anc.lyn- 
ical effort. 

Althcugh fairly subs-artial changes and additions are 
recommended for the models, their iaplemsn tat ion will 
provide adequate realism for any intermediate level war 
gaming analysis. This study's general recommendations fcr 
level cne and level three models are considered very crit- 
ical to the long ranee mission of NW'GS. An aggregate model 
is the only way that adequate air-to-air engagement rrodsling 
can be provided fcr the large scale global war games 
frequently played today. And if ir.JGS is aver intended fcr 
use in tactics development and evaluation or fcr tactical 
operational training, the proposed level three model is 
absolutely necessary. 

Th« intention of this study is to help further th^ cause 
end acceptance of computerized war gaming. By contributing 
to the ongoing MWGS model evaluation and validation efforts, 
that goal is acco m plished . Implementation of the this 
study's specific recommendations will allow use of the level 
two air-to-air engagement models fcr intermediate levels of 



gam^ F-^Y* Applications of NWG3 for many of its game 
cbjectivss can now be enhanced through improved realism and 
rea sc nablen-^ss in game output wi*h respect to the air-tc-air 



dr d n c . 



This work will assist others in recomm<^n iation 



iciDlementation and i: 



nalysis of thesi 



:in es. 
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APP^piX A 

PROCEDURE A1;D SUBROUTINE FLOW CHARTS 

This appendix ccr.nains nhs coapletaly danailed flcv? 
charts icr the relevant procedures and subroutines nekir.a up 
the NWGS Air-to-Air Er.gagemerit Nodule. 

N 19_AC_AC_TGTI'JG 135 

TARGETING PHASE SUBROUTINES 140 

N20_AC_AC_2 150 

SHOOT PHASE 150 

ENGAGENENT RESULT PHASE.. 155 

FREE LAUNCHERS PHASE 159 

ENGAGENEHT SUBROUTINES 160-168 

M26_ACHDA_2 169 

3DA SUEP.OUIINE UPDATE 173 

H 19_ AC_NSL_TGTING 176 

M 19_AC_HSL 

SHOOT PHASE 181 

ENGAGEHZNT RESULT PHASE IBS 

FREE LAUNCHERS PHASE 193 
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strike group AIRCRArT 



DE^'rfKOING AIRCRAFT 



ARE LAUNCHERS 



ARE LAUNCHERS 



Mig^AC.AC^TGTING (a) Parameter Inf t fal fzatfon 



135 



4 



I 





Ml 9 AC AC TGTTNG (b) Tn It. 1 a H 7a t, I on and Checks 



1 36 





1.C1. • 0 




C 




Ml 9_AC_AC_TGT ING (c) Preoaratfon for Proximity Checks 




Ml 9 AC AC TGTTNG (d) Mission We lent I no and Tarcet. Ina i Imit.s 
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M19_AC_AC_TGTING (e) 
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SuDroutine WEAPON_FREE_CHECK 
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Subroutine TARGETING (a) 




One-to-One Targeting 
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SuDroutfne targeting (c) 
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Subroutine TARGETING (d) Mu 1 1 ? -Target ing 
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Subroutine TARGETING (e) Mul t i - Target i ng 
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Subroutine OAB.PAIRS (a) Aircraft and MlssMe Targets 
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Subroutine 0AB_PAIRS (b) Aircraft and Missile Targets 
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Subroutfne AS5IGN_MULTI 
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T angels 
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Subroutfne 0RDEP_^AIR Afrcraft and MtssHe Targets 
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M20_AC_AC_2(a) AIRCRAFT TARGET SHOOT PHASE 
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M20_AC_AC_2 (b) 



AIRCRAFT target SMOOT PHASE 










M20_AC_AC_2 (C) AIRCRAFT TARGET SHOOT PHASE 
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M20_AC_AC_2 (d) AIRCRAFT TARGET SHOOT PHASE 
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M20_AC_AC_2 (e) AIRCRAFT TARGET SHOOT PHASE 



154 












i 

I 




I 









CALL 


M30.AAP^PECOP0 
(rcr^Dtr ) 


1 




f 





RCTUPN cno 
AIPCPAPT 
IAPGCT 
SMOOT phase 



M20_AC.AC_2 (f) AIRCRAFT TARGET SHOOT dhaSE 



155 




M20_AC_AC_2 (g) AIRCRAFT TARGET ENGAGEMENT RESULT PHASE 



156 





PKSS = 

atr_ 8 l'-_Da!r . 



Dk 5 S - pkss * 
Q_»»e0Con. 
rel ,fac. weapon 
(weapon) 



I D*<SS • PKSS * 
j G weapon. * 
rei_f ac.au^Oancej 
; '.weapon^ \ 



puss •= D»css * 
dsp.fac 



CKSS = pKSS 
env_f ac^Pk 



lgl_cT» ' Od 



/ 

/a’r^afrpatr. 
\ who.snools • 



YtS 



isk - 

1 Tr_a tr_pa1r , 
suDias^ 



I tgt^CT* • sir^cm 



• suostr 
C q.suoiask ( tsk ) . 
f ndcators. 



Cw q^platform, 
ecm stalus.f 
(tct) 




M20_AC_AC_2 (h) AIRCRAFT TARGET ENGAGEMENT RESULT PHASE 



157 







M20_AC_AC_2 (t) AIRCRAFT TARGET ENGAGEMENT RESULT PHASE 



158 




M20_AC_AC_2 (J) 



AIRCRAFT TARGET FREE LAUNCHERS PHASE 



159 




SuDroutTne WEATHEP.f- ACTOR (a) 



160 




Subroutine WEATHER_r ACTOR (b) 



161 





Subrout fne VECTOR.CHECK 



162 




Sudrout^ne T IME_0F_r L IGHT 



163 




i 



I 

I 

1 




Subroutine EW 



164 




R£TUPN end 
SUBHOUTINC 
OP.CM 



Subrout fne 0P_CM 



165 






1 




SuDroutfne LINK_PAIR 



166 








SuDroutfne LOCP_AGAIN 



167 




. eeciiN 

5U9RCU71NE 

M30.EW.ET 



(targvt.c*. won^lx, ac * won^cccw.f ac) 





f 


tgt_c» ■ 
target^cw 


1 

t 


weaoon < 


' won^Iif 


^ 


^ 


■fon.ecw.fac ■ 0 




r._. 


won_ecc». 


,fac • 0 


> 


f 



RETURN END 
SUfiRtXlTI.SF 
M30^W_££ 





r 


Igt.jam - 
5U05tr 

(tot. cw. 6, 10) 


1 




Itgt.cd * suostr 
1 figi^cw, 16,3) 




t 


cw.sosceol • 
O-weaoon 
(weapon) . 
C?«_SLr5CeDt_fnd 







NO 



ir suCJStr 
'^cn.wscept,!/ 
1 



ns 



ecw jam •• 
tjl.Jaf* AND 
suosir 

Ci*,auraceg 1.6.10 






«^m_cd - tgt_cd 

and sudatr 

(cm_5usceDl,?.3) 



NO 



ir 

OR «cJa.CO 



ecm_«ff - 0 



eccrw.ef f 



ccTi^.caD ' 
CL weapon 
t weapon) , 
ccn_car_ trx3 



/ IF suDSlr 
/(ccn.CBD. I .1) 



NO 



'If eccw^Jaw^ 
OR eccw.ca 



I won_ecw_fac 

! ecTi.eff 



*pn^eccflfi_fac 
ecc^.ef f 



RETURN ENO 
subroutine 
N30,ew.EE 



>ES 



ecw.eff • 
Q* weapon 
(weapon) , 

CP_tactor 





\ V 




YES 




eccw jam « 
ecfli.jaa ANQ 

(ccm_cao.6. 1 0) 






^ 




eccm.cd - 
lgt_cd ANO 
s'uostr 

(ccrft^cao. 2.3) 







YES 



eccm,e<f - 
Q.weapon 
( weaoon ) , 
eCT^„f actor 



Subrouttne M30_EW_EE 



168 




SuCiroutfne M26_ACB0A_2 (a) CalTed By M25_BDA_CTL 



169 




Subroutine M26_ACBDA_2 (b) 



170 





Subroutfne M26_AC9DA_2 (c) 



171 




II 




SuDroutfne M26_ACB0A_2 (d) 



172 





Subroutfne UPDATE (a) 



173 




174 




Subroutine UPDATE (c) 



175 



BEGIN ^ 

mis.ac.^msl. 

TGTING 
(«tr!we_!y) 



^Or.Dtr»nu1 1 

»?/e^i«D.hor-9!ze(a®D.h0r ) 
6lze_aaD»sl2fr(a1r_a1r_Ddfr) 



pro*_tDl ,no_ob j* 
q_caD_ Mst .n.cao 
«tr ttre^en 
t f ty.air t>alt (€_ 

! y(str f^Ke_ t y) 



C8p_11st_1»r • 
q,slr!ke^^t! ty* 
«fr_batlle tx 
(5tr!ke.f w) 



Ile^.lx • 
CLCao.n^t . 
cap, t tew^t X 
(C8D,M»t_f x) 



r 



Oo while 
ften_1x not* 0 



Xox_tDl ,trk( ! ) 

a.C 4 D_ ! te*.caD_t 

! x( f f * ) 



flert.fx • 

CL.C8P_ ! tew.next,. 

IxT 





r * ■ *7 


proK.tbl 


. Iy0«»4 





tevfx « 0 J 



w$T_t^k_!x ■ 
q.subta^kTlrack 
t x(q_str Ike eniT 
ty .suDtasK_f x( St 




' C^LL 

WlOVprox l,TilTy .ee 

1 lD*~ox_ptr) 



CALL 



C: . !x 

n_»sl, DMt.Dlr-) 



' \ 

Q-C8D_ I 1st (ca 
lx i ,lOl_C8D/ 
^ 2 / 



YES 



Pt 



wDn_ 1 fmlt * 1 



wpn, limit • 2 




Hnl 


Vars 


St - oo 




over.ct - 


0 


TisPDir • piat.ptr 


rx/n_3afrs ’ 


• 0 


n^processed • 0 


count • 0 




save. Inchr 


= 0 


save_*pn » 


0 



DO FOR J*1 to i 
prox^tbl .no_obj 
while over.ct < 
n_«s1 



trk_ 


lx = 


nrox_t&l ,trk( j) 


i 


' 


1 ev 1 X ■ 0 








IE \ NO 
^track.eotf 
’ xi trx _ Lj 
'^ sPOt' 



1 ev I X » 

Iq^aagragote. laun 
)c'^„Ex(cLltrack.en 
t I ty_f x( irh^f x) 



rng - 
rox^tb I .range! j 



AA 




M19_AC_MSL_TGT ING (a) 



176 





-I 






© 






^jO 



NO 



CALL Ll^L P'S.L_ 


fC,trK_! j(,n cap, 
oUt.ptr ) 


* 


8P\^^ 

• 0 

res 

f 


ac^DV' • 
plat^ptr 






00 FOfi to 

n.cap Wm:l£ 
over.ct n_msl 


' 


f 


ac_l* * 

ac.Dirfp!at_l 1 st 
.plat, f xOc ) 




f 


»5i • Ob 




1 


/ ir NOT \ 

/ a.plat^orit, \ 
\ oeairoyed.f / 

\ / 


1 


t 


^Utfo^m NOl\ 

/ already \ 

< assigned AND ) 
\«a pons_ f r 




yzs 


»pn_ 
Q_pia 
wespon_' 
( ac. 


n • 

1 f orm. 
sot te_ I X 



m » 


OD 


..... \ 


f 


00 while 

not 


wpn_!t 

• 0 






proj.td • 
q_weeoon_ t lei*. 
^0 j. t tef', 1 X 
(wDn_! t 1 



NO 



NO 



ir Df‘oj_tc3 
not- 0 



^ i 

^ Q_Dro 

1 pvel 
\(oroj_td) > Oy 

\ / 



1 



rfS 



won Id »■ 
q_Dro]_' te^. 

weODOn \ » 

( pro t_)d) 



weapon, I yue = 
Q_weeoon. type 
( wpn, ?d; 



I #pn_ptr = 
BCK>' ( q. weapon, 5u 
Ibtype.! («pn. Id) ) 



Af wpft_slype\ 
NO / (?) 






F 

\/ 

M19_AC_MSL_TGTING (b) 





177 






M19_AC_MSL_TGTING (c) One-To-One Targeting 



178 





M19_AC_MSL_TGTING ( d) One-To-One Targeting 



179 








M19_AC_MSL_TGT1NG (e) Mul t f -Target f ng 



180 





M20_AC_MSL (a) MISSILE TARGET SHOOT PHASE 



181 






M20_AC_MSL (13) 



182 




183 





M20_AC_MSL (d) Ffre Doctrine Determination 



184 






M20_AC_MSL (g) Weapon Expenditure Determination 



185 






-> 



1 






Drev.Dt" ' 






«CD_: 

w30_G€ 

(alr,9 

ne*l_E 


)\r . 
ft^Otr 
f r , 

J»~, td) 



/ Are tnere 
' sny more 
a fr_a frs 



rrs 





NO 




E 







\/ 



M20_AC_MSL (f) Launcn and Leave Evaluatton 



186 



__ CA 


LL 


free.i 

(aaD.r 
— a>oaff. 


ioac^ 






q_gan»e_slate. 
I ♦ 
a v_io‘f 




call! ng_ 
struciure.2 . 
nu» = ^ 



concj^Dtr - aocH" ( conc_-str uciure ) 
cona. structure, length • 2 
cood.str^xture.Cono^tyDe = 5 
Cor>0_structure.arg_l • t!™« 












. . CALL 




event _rec3uest 
( arg_Dtr , 

ronn^ntr 1 




^^T- Null 


1 




r 


CAl^ 


M30_aap.recoro 
(hCr^Otr ) 










t 



r £No missile: 

IA»G£T 
SHOOT PhAS£ 






M20_AC_MSL (g) 



Preparation for Entry Point Two 



187 




M20_AC_MSL (h) MISSILE TARGET ENGAGEMENT RESULT PHASE 



188 





M20_AC.MSL (O 



Aspect Factor Determination 










0 





t 

• Dks« *■ 
n-(l-ecc»_eff ) 
> ecm_e-f f ) 





M20_AC_MSL (J) Prcbabntty of Kill Determination 



190 







M20_AC_MSL (k) Target Ktll - No kill DetermfnaUon 



191 







M20_AC_MSL (1) Preoaratfon for Entry Point TPree 




M20_AC_MSL (m) Free Launchers Pnase 



193 



18 



APPENDIX B 

BASIC MODEL GENERALIZED FLOW CHARTS 



g^rP. e 
mod ? 
Apps 



This appspdix ccntaips flow charts dsscribipg rhs 
ral modal flow cf zho zhs NWGS Air-tc-Air epgagoir.snz 
Is. Mcdsls for subrcutinss chat are easily followed in 
r. dix A flow charts are nor. included. 



AIRCRAFT lAEGSTS 

TARGETING ?H ASE. 

sutrcu-ine TARGETING 



SHOOT PHASE 

ENGAGEMENT RESuLT PHASE 

Subroutine N26_ACEDA_2 

FREE LAUNCHERS 







?"E3 LAUNCHERS PH.'SE 



195 

196 
199 
20 1 
202 
20 3 

/' 

20 5 

:o6 

207 



194 




AIRCRAFT target TARGETING PHASE ROUTINE 



19 5 





SuDroutfne TARGETING (a) 



196 




Subroutfne TARGETING (b) 



197 




Subroutine TARGETING (c) Mu U 1 - Target log 



198 




AIRCRAFT target SMOOT PHASE (a) 



199 



1 




AIRCRAFT TARGET SHOOT PHASE (R) 



200 





START 

AIRCRAFT 

TARCtT 

cngagcmcnt 

^ULT PNASi 



C€t Strike 
Gtoud General 
Jaewitoq Status 





00 FOR eacn 
eogagewent pair 
scnecJuled for 
current Impact 
1 1 me 




3 ^ 





TES 




IS TARC£T 
a ireaay 
Oestroyed? 



NO 



YES 



IS 

stocTvast ?c 
»€tncd used 
for IGT ASP 
-fAC? 



NO 



ASP^FAC - one 
of 4 weaoon 

Target Aspect 
i Meet I veoess 



ASP.FAC - 

Weapon MAX 

Target Aspect 
Ff fecUver>ess 



1 




> 








CALL v<30 




Deierwines tCM 
and ECCM 
e-ff ect t veness 
Factors 



PKSS - PKSS * 
£nv.FaC.P>^ ♦ 
Won^Overa 1 l^R ® 1 
Wpn. Gu I dance. Re 1 
Asd Fee * 
(l-n-rCCH^Fac) 
EXM 




AIRCRAFT TARGE" ENGAGEMENT RESULT PHASE 



201 





OafT^agp to TADGc'T 

aircraft. SENSOPS and 
wfAPONS are out Out Of 
Act t on. 

7ne Target way oe OESTROYrO Dy CUM^QAm 



AIRCRAFT battle DAMAGE ASSESSMEN'^ ROUTINE 



M26_ACBDA_2 



202 




» 



€ND 

AIPCftAfT 
TAftGfT FREE 
LAUNCHEJ^S 
^ PHASE ^ 



AIRCRAFT TARGET FREE LAUNCHERS PHASE 




CRUISE MISSILE TARGETING ROUTINE 



20 4 





CPUISE MISSILE target SMOOT PHASE 



205 



START 
CRUISE H5L 
TARGET 
ENGAGEMENT 

I, phasj: 



Commences ai 
scn^Oalefl 
IMPACT ttwc 




00 POP each 
engapew^ni 
peTrfrvg of 
atr.atr^palr 

.IftbfL 



YES 




IS CRUISE 
MSI TGT 
8 ir^aoy 
O^^iroyeU? 



NO 



YES 



IS 

alcct^ast 1c 



- n-o»^ss) 

** (rxj«i fired/ 
stfinoard salvo 
sire) 



NO 







weinod used 
for TGT ASP 



1 


r 


a^o^fac - one 
of 4 weaoon 
Target Asoect 
E 1 feet Iveoess 
Ctx?9en at renoo* 




aso^fac - 

Weaoon MAX 
Target Asoect 
Effect I veoess 













. CALL f- 




Oeiermf 

end 

effect 1 
faci 


nes 
ECCM 
venea* 
^ 



PJ^SS - PXSS * 
Env_rac_P*< * 

MPN-Overa n -Rel » 
WPN-Cul oanc#-Sa 1 
Asoecl-Mcior * 
(l-(l-ECCM,rdc)*ECM.rac) 



NO 



IS INCHR 
aircraft 
Oestroyed? 



YES 



NO 



/ 0 o€S WEAPON^ 
rtoulre 
Goloance 
itn i»oaci?/ 



YES 



PKSS - PK55 » 
0.5 




/is \ 

/Numoe^ •*’' 

\ / 



UDCate Crijtse 
Missile 
accounting 



Schedule Can 
10 rPEt 

LAUNCHERS phase 
for LNCHPS not 
already 
released or 
destroyed 



:nO CRUISE 
f HSL lAPGTT 
EsGAGEmLnT 
\ RE SUL I PHASE 



CRUISE MISSILE TARGET ENGAGEMENT RESULT PHASE 




I 




CRUISE MISSILE TARGET FREE LAUNCHERS PHASE 



207 



IIST OF EEFERENCBS 



1 . 



2 . 



3. 



4. 



5. 



6 . 



7. 



snces Cor ‘ ’ ~ ' [ 

"D T orr T**^i m 



ir Gaaing , u.i>. Navax war Coxxege, Newport 
PI, January 1981. 



Computer Sciences Corporation, N aval Warfare G amin g 
Systeirs (NWGS) Prog ram Desc ri ption Joe ament B ase 

Ifl cHels ) ,~ ro mpu ter "Pr ogr am Co nr ig urat io n Xtem, Center 
for Jfar Gamxng," IT.C. NavaX~'war CoxXege, Uevoort 51, 
No vemher 1 980. 



Computer Sciences Corporation, N aval Warfare Gam ing 
Svstem (NWGS) Student’s Training Course Guide tor 
So ftw are, Center for War earning, UTS. 
!IavaI~war College, Newport RI October 1982. 



Naval War fare Gam ing Svstem (NWGS) S^dent's Trai nin g 
Course, viaeo“tape or. Center ror Sar Gaming, llavat 
war College, Newport SI, October 1382. 



Computer Sciences Corporation, Command and Staff Users 
Nanual for Naval W^fare Garni ng~jv stem , TZliniF/ Center 
ror~17ar CamingC U.5. laval TTar CoxTege, Tievport 51, 
June 193 1. 



Computer Sciences Corporation, Naval Warfare G am ina 
System iNWGS) Pr ogra m Design Manual T^DMJT Center ror 
War"Caming, u.3. Naval"»af CoTIeje, ITewport 51, April 



Stokowski, Dennis T. , Analysis of The Naval Wa rfare 
GlSili3 System Surface -Tc-lir His siTe T<o utin e, Master^s 
Tmesis,"" "Taval po sf craauaf e oclloox, Monterey 

California, September 1983. 





208 



INIIIAL DISTRIBUTION LIST 



lie. Copies 

1. Defense Technical Information Center 2 

Cameron Station 

Alexandria, Virginia 22314 

2. Suoerintendent 2 

Attn: library. Cede 0142 

Naval Tostgraauate School 
Monterey, California 93943 

3. frofessor A-F. Andrus, Code 55As 1 

Naval Postgraduate School 

Konterey, California 93943 

4. Cdr. G.E. Porter, USN, Code 55Pt 1 

Naval Postgraduate Senool 

Monterey, California 93943 

5. Capt. w.P. Hughes, USN (Ret) , Code 55H1 1 

Naval Postgraduate School 

Monterey, California 93943 

6. Capt. E.J. Naughton, USN, Code 332 2 

Center for Uar Gaining 

Naval /iar Collece 
Newport, Rhode Island 02S41 

7. Icdr. N.I. Ardan, USN 1 

10670 Esmeraldas Drive 

San Diego, California 92124 

0. Cact. T.H. Hoivik, USN, Code 55Ha 1 

Naval Postgraduate School 
Monterey, California 93943 

S. Professor M.G. Sovereign, Code 55Zo 1 

Naval Postgraduate School 
Monterey, California 93943 

10. Director, OP-953 1 

Tactioal Readiness Division 
Navv Department 
Uashiegton , D.C. 20370 



209 



■\'6 \ 



I 




T1 

A( 

c 



Thesis 

a64t 

c. 1 



205 '25 



Thesis 

A6k^ Arden 

c.l An evaluation of the 

Air-to-Air engagement 
models in the Naval 
Warfare Gaming System. 



HAR 9 65 

21 JAH es 



30 |?J'9^ 

5 0 4 5 7 



205325 



Arden 

An evaluation of the 
Air-to-Air engagement 
models in the Naval 
Warfare Gaming System. 




thesA647 

An evaluation of the Air-to-Air engageme 



3 2768 001 00625 7 

DUDLEY KNOX LIBRARY 















■« 7 ?. 
























